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Notices of the Royal Aeronautical Society. 


Election of Members. 


The following members have been elected to the Scottish Branch = of 

the Society in the various grades as shown :— 

Members.—Flving Officer L. W. Allen, M.C., R.A.F.; R. T. Currie; G. R. 
Donald; Captain T. H. French, D.F.C., R.A.F.; Flying Officer F. F. 
Garroway ; Wm. Henderson, C.B.; H. A. McCreadie; James Mont- 
gomerie; Pilot Officer D. Morton, R.A.F.; Colonel J. Smith Park, 
M.V.O.; T. E. Pullinger; R. M. Reeve; Wing Commander R. P. 
Ross, ALE:C.; Jj. B. VPaylor; Colonel W. Thomson; A. 
de Dorlodot. 


Associate Members.—]. H. Alexander, M.B., C.M.; Captain C. R. Alston; 
Sir G. W. Baxter; F. N. J. Bell; B. G. Blampied; Lord Blythswood, 
NEN TH: Hames: €. Nerr; BD. Leshe: 
H. D. McLaren; C. J. E. Morgan; R. L. Robertson; H Giles Walker ; 
A. J. Younger., 


Air Ministry Library. 

Permission has been obtained from the Air Council for Technical members of 
the Society to use the Air Ministry Library for reference purposes on production 
of letters of introduction signed by the Secretary of the Society. Any members 
desiring to avail themselves of this privilege should therefore apply to the Secre- 
tary for a formal letter of introduction. 


Annual Dinner. 


It is proposed to hold the first Annual Dinner of the members of the Society 
during the month of October next. Members who anticipate being able to attend 
will assist in making the necessary arrangements if they will communicate the fact 
to the Secretary at an early date. 


Donations. 

The Council desire gratefully to acknowledge the gift of ‘* The Graphical 
.Treatment of Differential Equations,’’ by the author, Mr. S. Brodetsky, Associate — 
Fellow, and ‘‘ Who’s Who in Engineering,’’ which have been placed in the 


Library. 


‘ 
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Annual Reports. 

The Council desire gratefully to acknowledge the gift of the following numbers 
of the early ** Annual Reports *’ of the Society from an Associate Fellow :—No. 
(1866), No. 3 (1868), No. 4 (1869) and No. 5 (1870). These early Reports are 
in many cases now exceedingly rare; No. 1 is particularly so, as it contains F. H. 
Wenham’s famous Paper, ** On Aerial Locomotion.”* The copy of this first 
Annual Report just received is the only unbound copy in the possession of the 
Society available for purchase. Any members who may be in possession of copies 
of any numbers of the Annual Reports, and wishing to dispose of them, are asked 
to communicate with the Secretary. Nos. 12, 18 and 19 (issued together in one 
volume) are particularly desired. 

The member who recently borrowed the third bound volume of the Reports 
(1880—1893) from the shelf in the Library is requested to return it, as it is 
exceedingly valuable and no other copy is available for reference purposes by 
other members. 


Machine Tool and Engineering Exhibition. 

A letter has been received from the Machine Tool Trades Association offering 
special facilities to members of the Society during the Machine Tool and Engineer- 
ing Exhibition, to be held at Olympia from September 4th to September 25th. 
Tickets of admission at half-price may be obtained from the Secretary. Members 
requiring these should make early application, as only a limited number will be 
available, and it is desired to inform the Machine Tool Trades Association as to 
the number desired as soon as possible. 


Olympia Lectures. 


The Council desire to tender their grateful thanks to the following gentlemen 
for kindly delivering popular lectures during the Aero Show at Olympia : — 
Squadron Leader J. E. M. Pritchard, Captain P. D. Acland, Mr. Griffith Brewer, 
Major H. E. Wimperis, Captain D. Nicolson and Mr. F. M. Green. 


Library. 

The London General Omnibus Company have most kindly acceded to a 
request for copies of confidential reports of their researches on Alcohol Fuel 
Compounds for Internal Combustion Engines. These are now, therefore, available 
for reference purposes by members, who will, no doubt, appreciate the courtesy 
of the Company. It should be understood that these reports are supplied on the 
express understanding that they will be treated as ** PRIVATE AND CONFI- 
DENTIAL ” and will under no circumstances be published. 


Subscriptions. 

Members whose subscriptions are outstanding are urged to forward these to 
the Secretary. The amount due may in many cases appear small, but nevertheless 
the total amount is at present about £850, which is a severe handicap on efforts 
to further the objects of the Society. It is estimated that any deficit at the end 
of the year should little exceed the amount of such outstanding subscriptions. 
After September rst it will be impossible to continue forwarding the Journal to 
members whose subscriptions are still owing. 


Office. 
Members are requested to note that the offices of the Society at 7, Albemarle 
Street, W.1, will be closed from July 30th to August 17th. 


W. LOCKWOOD MARSH, Secretary. 


_ 
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WILBUR WRIGHT MEMORIAL FUND. 


Elsewhere in this issue are printed the accounts of the Wilbur Wright 
Memorial Fund from January tst, 1g17, to May 31st, 1920, which were presented 
at.a meeting of the Trustees on 8th July, 1g20, the last meeting having been 
held on May 3rd, 1916. As will be seen, these disclose a balance at the Bank 
of £192 18s. 4d., with which it has been decided to purchase a further £/200 of 
34 per cent. War Stock, additional to the present investments of £550. in 
Canada 4 per cent. Stock 1940-60 and £7600 in 34 per cent. War Stock. 

Kor the benefit of new members, it may be interesting to give a résumé of 
the history of this Fund. 

Wilbur Wright died on May 3oth, 1g12, and at the next meeting of the 
Council of the Society, on June 12th, igi2, it was decided to found a Memorial 
Fund, the income from which would be paid to the reader of a Paper before the 
Society to be termed each vear the Wilbur Wright Memorial Lecture."’ “The 
suggestion was enthusiastically adopted, and the money collected was vested in 
Trustees, whose first meeting was held on November 13th, 1912. In a subsequent 
year, on the winding-up of another Fund of the Society controlled by the same 
Trustees, the Aero-Educational Premiums Fund, the 4600 34 per cent. War 
Stock in possession of that Fund and the Bank balance of 4742 17s. 11d. were 
handed over to the Wilbur Wright Memorial Fund, the annual premium being 
then raised from 20 guineas to 4.50. 

The following gentlemen are the Trustees of the Fund :—Griffith Brewer 
(Hon. Sec.), Professor T. A. Hearson, F. kK. McClean, the Right Honourable the 
Lord Northeliffe, Alee Ogilvie, Colonel H. E. Rawson, Major-General Sir R. M. 
Ruck and B. Woodward. 

The Annual Lectures have been delivered by the following gentlemen to date: 
YEAR. LECTURER. TITLE. 

1913 Sir Horace Darwin, F.R.S. ... Scientific Instruments, their Design and 
Use in Aeronautics. 
i914 Sir R. T. Glazebrook, F.R.S.... The Development of the Aeroplane. 


1915 Professor G. H. Ryan, F.R.S. The Rigid Dynamics of Circling Flight. 


1916 Grilith Brewer ... si .. The Life and Work of Wilbur Wright. 
i917 Lieut.-Col. Mervyn O'Gorman, 

9918. Dr. W: Durand Some Outstanding Problems in Aero- 


nautics. 
1919 Leonard Bairstow, | 
... Progress of Aviation in the War Period. 


1920 Commander J. Hunsaker, 
WS: Navy Naval Architecture in Aeronautics. 


| 
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THE WILBUR WRIGHT 

STATEMENTS OF RECEIPTS AND PAYMENTS, 

Dr. 

1917. s. d. 
Jan. 1. To Balance at Bank ... 
Mar. 5. ,, Dividend on 4600 War Loan re- 

ceived from the Aero-Educational 

April 3.  ,, Dividend on £550 Canada 4 per 

2.  ,, Refund of Income Tax... 10 6 

Sept. 4. ,, Dividend on 4600 War Loan re- 
‘ceived from the Aero-Educational 
Premiums Fund 717 6 
» 4. 4, Dividend on 4550 Canada 4 per 
1918. 
Jan. 26. ,, Avec Aero-Educational Premiums 
Mar. 1. ,, Dividend on £600 34 per cent. 
April 5.  ,, Dividend on 4550 Canada 4 per 
Sept. 2.  ,, Dividend on £600 34 per cent. 
Oct. 2. ,, Dividend on 4550 Canada 4 per 

1919. 

Mar. 1. ,, Dividend on £600 War 34 per 

April 1. ,, Dividend on 4550 Canada 4 per j 

June to. ,, The British Wright Co., Ltd., 

Sept. 1. ,, Dividend on £600 War 34 per 

Oct. 2.  ,, Dividend on 4/550 Canada 4 per 

1920. 


Mar. 1. ,, Dividend on £600 War 33 per 
cent. Stock ... 
April 1.  ,, Dividend on £550 Canada 4 per 


| 
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MEMORIAL FUND. 


JANUARY, 1917, TO JUNE, 1920. 


June 22. By Premium to Lieut.-Col. O'Gorman 
for Fifth Wilbur Wright Lecture 21 0 o 


July 23. ,, Premium to Dr. W. F. Durand 
for Sixth Wilbur Wright Lecture 50 0 o 


1Q1Q. 
June 24. ,, Premium to L. Bairstow _ for 

Seventh Wilbur Wright Lecture... 50 0 
1920. 


June 22. ,, Premium to Commander T. C. 
U:S:N. _<(C.G.) for 
Eighth Wilbur Wright Lecture... 50 0 o 
June 30. @,, Balance at Bank ... sii ie, DOSES 4 


—e 


£363 18 4 


(Signed) GRIFFITH BREWER, 
Honorary Secretary. 


Cr. 
1917. a. 
IQio. 
| 
i 
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SAFETY IN FLIGHT. 


A lecture delivered by Air Commodore R. WK. Bagnall Wild, C.M.G., C.B.E., 
M.I.M.E., F.R.AES., before the Scottish Branch of the Society during 
March, 1920. 


It is safe to fly! Some months ago such an assertion might have been 
regarded with astonishment—if not incredulity, but a study of the history of 
post-war civil aviation fully bears out the truth of this bald statement. 

Comparatively brief though that period has been, it has taught many valuable 
lessons, and has sutticed to demonstrate that, as far as safety is concerned, flying 
may be placed on an equal footing with any method of transport involving high 
speed. ‘The statistics published at the close of the first six months of civil flying 
are confirmation of all that may be said in this respect. Examination of the figures 
involved reveals the fact that 56,700 passengers were carried in 32,500 flights, 
covering approximately 480,000 miles, during which a total of 13 accidents 
occurred causing injury to 10 passengers. “Thus the percentage of passengers 
injured to those carried works out at .o17, or in other words, out of every 5,670 
carried only one was injured—a result which surely establishes the fact that flying, 
far from being the perilous adventure it was formerly supposed to be, is a safe 
and reliable method of transport. 

The question naturally follows—why is it safe to fly, and how can that safety 
be maintained? In answering the first part of the questicn it is necessary to 
consider what factors have chiefly contributed towards accidents in the past. 
The few civil accidents which have happened up to the present offer too slender 
a basis numerically to allow of a definite theory being formed on those alone, 
but a careful analysis of all the accidents, both service and civil, recorded during 
the past vear, shows that a large majority of these were Gue to error of judgment 
on the part of the pilot, errors in some cases to be traced to lack of experience, 
in others to the pilot’s indulgence in aerial acrobatics. It is here that that most 
important factor, the human element, has to be taken into consideration. Although 
this factor cannot be calculated in terms of mathematics, we have at least the 
power of selecting our personnel, and | believe that to-day practically all our 
Transport Companies are in the happy position of being able to command for all 
their undertakings the services of highly-skilled pilots who were trained in the 
Service. There is a vast number of such men from which to choose, consequently 
there is no necessity to incur the risk of any of those accidents which might occur 
if the machine were in the hands of a novice. The civil pilot, unlike his Service 
brother, is not undergoing a tuition which aims at making him an aerial acrobat ; 
he is past that stage and is now an expert, with a practical experience which 
reduces to a minimum the risk of accident contributory to the personal equation. 

For these reasons it may be accepted that flying is safe as far as the pilot 
is concerned, and it should be recognised that these conditions must be maintained. 
A novice must not be allowed to pilot a passenger machine ; he must be trained— 
and well trained—hefore being entrusted with such important work. 


Several accidents may be traced indirectly to adverse weather conditions ; 
others have been directly due to this uncertain element. But even here we are 
not opposed by conditions against which nothing can be done, for although we 
have no control over the vagaries of the weather we have a meteorological organi- 
sation which is in a position to give timely warning of what may be’ expected in 
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that direction, especially in regard to air currents, mists and fogs—information 
vital to the aviator. Forearmed with such information, the scope and value of 
which steadily increases with scientific research and improved methods of com- 
munication, coupled with the use of the excellent instruments with which the 
modern aeroplane is equipped, it is reasonable to assume that the number of 
accidents due to weather conditions will decrease, more especially as this source 
oi accident may to a certain extent be eliminated at the discretion of the user. 
Icgarding instruments, the chief are compass, air speed indicator and altimeter, 
Which assist the pilot to find his way and reduce the risk of accident due to loss of 
direction and altitude when the ground is invisible owing to weather conditions. 


Of the remaining causes, the chief have been engine failures, defects in 
installation due in some cases io faulty design and in others to insufficient care in 
daily attention ; and failure of structure in which roughly half were due to defective 
material, but as I propose to touch on this subject at a later stage 1 will not 
elaborate these points at the moment. 

The study of the question of accidents reveals the fact that the percentage 
of accidents per hour flown is far greater in Service than in civil flying. = The 
reason for this must be obvious when it is considered that civil conditions only 
necessitate straight flving at a normal altitude of about 3,oooft., generally in more 
or less favourable weather, with a reasonably good taking-off and landing ground 
provided, and where the aircraft used is a well proved machine, eminently suited 
for the purpose, inasmuch as it is in no way a stunt machine but one selected for 
qualities of stability and reliability proved by past performance. Moreover, the 
majority of machines in use for passenger carrying at the present time were con- 
structed under war contracts, and whether purchased from salvage or completed 
subsequently, were manufactured to Service specifications—specifications which 
were undoubtedly rigid, and necessarily so, to meet the severe tests imposed by 
war flying, and therefore of a nature to satisfactorily fulfil the comparatively less 
exacting requirements of civil use. 


In the foregoing remarks | have endeavoured to indicate the main factors to 
which civilian flying ewes its present safety, and now pass on to the question of 
how that safety can be maintained in the future. 

As an essential pomt the aircraft emploved must be safe, and such safety is 
governed by four chief factors, namely, design, materials, construction and 
operation. 

Design may be divided into two categories—the aerodynamical requirements 
and the stress diagram. In this connection we are fortunate enough in this country 
to possess full facilities for the investigation of all aerodynamical problems, much 
data exists and this store of knowledge is being added to daily, providing a mass 
of information by which any man may prove the value of his ideas on the subject. 

Aircraft engineers who are concerned with design may be considered under 
two headings. On the one hand, the man who deals with the purely experimental 
side, and on the other hand, the engineer who adapts and correlates knowledge 
gained by such experiment to meet requirements. It is the user who puts his 
problems up to the designer, giving his requirements in the way of speed, load, 
air duration, fuel capacity, ete., and it is up to che works designer, if I may so 
term him, to solve the problem not only of fulfilling these requirements, but fulfilling 
them with the maximum etliciency and minimum cost. To attain this end he is 
not required to solve problems of the air by his own experiment, as he has access 
to aerodynamical data, but he must be extremely well’ versed in and possess a wide 
knowledge of materials, stresses, and composite structures, in relation to their 
use in the air. To this knowledge, backed by reference when necessary to the, 
existing mass of information available, he adds the product of his own brain, and, 
by means of stress diagrams, evolves a design. It is at this point that safety is 


: 
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first to be considered, for upon the work put in by him on the drawing board and 
in his specifications depends safety in flight. 

In my opinion, though | am in no way authorised to make any statement on 
behalf of the Air Ministry, it is at this stage of the proceedings that the Government 
should be placed in a position to give an opinion as to the suitability of the machine 
for civil transport. .\ study of the designer’s drawings and specilications would 
he suthcient to allow of a “type” certificate being promised, subject to the 
machine being built in conformity with such drawings, and when tested by flight, 
demonstrating that it has satisfactorily fulfilled the user’s conditions. The high 
standard attained by the industry must be maintained, and to do so there must 
be no tendency to let commercial cupidity influence the designer to the extent of 
sacrificing safety in his designs for the sake of embodying cheap material. 

Regarding materials in general, the necessity for the designer to cut down 
dead weight to the last ounce has forced the aircraft constructor to search for and 
employ materials with outstanding ability to withstand stresses which, in proportion 
to weight, are much greater than those found in any other type of vehicle or 
machine. The designer has perforce had to employ factors of safety which allow 
no precautions to be omitted to ensure that even with the selected materials only 
the very highest and most uniform qualities are employed. To achieve this end, 
systematic testing and vigilant inspection have proved to be necessary, not only 
for metallic materials, such as alloy steels and aluminium alloys, but for other 
non-metallic materials, such as timber, glue, fabric, dope, ete. 

So far as steels and non-ferrous metals are concerned, the existing methods 
of chemical examination and mechanical testing, although open to improvement, 
were, nevertheless, standard practice in connection with fine engineering work 
generally, but in the case of non-metallic material the demands of the aeronautical 
engineer opened up a new field of work on a variety of materials on which little 
or no definite information was available. For example, take timber, a material 
of the highest importance in aircraft construction. | Here is a material whose 
production is not guided by any process controllable by man, and like most organic 
things, it is apt te suffer from many defects and diseases, some of them so obscure 
that their detection requires all the resources at our command. — Hitherto the 
general engineer in his use of timber has always employed factors of safety so 
large that quality and uniformity were matters of secondary importance, but in 
the case of aircraft we were confronted with the task of devising new tests and 
drafting new specifications for timber which would ensure the strength/weight 
ratios which the designer required. 


Similarly much work had to be done on fabric, glue, rubber, ete., before we 

were in a position to specity and ensure the qualities essential for the purpose. 
The qualities and characteristics of the materials included in that wide range 
embraced by the requirements of the present-day designer and constructor, are of 
such importance from all points of view, and especially that of safety, that I propose 
briefly to detail some of the improvements and developments which have taken 
place in connection with the manufacture and use of the more important. At the 
head of these I think we may place the alloy steels. 
The term ‘‘ alloy steel’? embraces all that immense range of steels which owe 
their specially valuable properties to the presence of elements other than carbon. 
It can fairly be said that much of the progress recorded in the development and 
construction of aireraft, and particularly the engine, has been brought about by 
the use of the allov steels for parts which are subjected to heavy stresses or high 
temperatures. Crankshafts, connecting rods, camshafts, connecting rod studs 
and bolts, valves and valve springs, must all do duty under conditions which render 
the use of the plain carbon steels inadmissible on account of either weight or 
temperature considerations. 


| 


Lugust, 1920] THE AERONAUTICAL JOURNAL 421 


Alloy steels can now be specified with considerable precision, and under the 
various specifications for aireralt steels which are issued by the British Engineering 
Standards .\ssociation, comparatively close limits of analysis are laid down. ‘The 
user of the steel is therefore assured of obtaining the proper quality if ordered to 
the appropriate specification, For example, an alloy steel is required which will 
give a tensile strength of from 55 to 65 tons per square inch. |The specification 
prescribes the following composition :—Carbon, 0.28 to 0.34 per cent. Manganese, 
0.45 to 0.70 per cent. Nickel, 3.00 to 3.75 per cent. Chromium, 0.5 to 1.00 per 
cent. Sulphur and phosphorus, not more than o.o5 per cent. each. 

The consideration of machining and wearing properties constitutes an 
important factor in the choice ol a steel, particularly as regards analysis. Experi- 
ence has shown that an alloy steel is a material which needs scientific handling 
from the time of, its making until the completion of the finished article. In all 
cases an exact knowledge of the particular heat-treatment necessary is of supreme 
importance if the highest qualities of the steels are to be secured, and a full know- 
ledge of the chemical composition is essential to ensure that correct heat-treatment 
is applied. Adequate indication of wrong heat-treatment is secured by the usual 
tests (tensile, shock and hardness), and the microscope is a most valuable supple- 
mentary weapon to the inspector. 


Section through exhaust valve 
showing effect of high tempera- 
ture on unsuitable steel. The 
sketch above shows the original 
shape of the valve. 


Probably no steels are required to withstand more extraordinary conditions 
of service than valve steels. The steel must be able to resist exposure to high 
temperature without excessive scaling, without distorting, without deteriorating 
appreciably in strength, and without surface abrasion in the stem, which would 
cause undue friction in the guides. The exhaust valve conditions are the more 
severe, to meet which the aeronautical engineer has made use of ‘* high-speed ”’ 
tool steels and ‘* stainless *’ steel. 


The former steel is used for exhaust valves in the hottest running engines; it 
is.a tungsten steel having a carbon content of 0.55 to 0.70 per cent. with tungsten 
over 14 per cent. and chromium over 3.5 per cent. Valves made from this steel 
will work successfully even above Soodeg.C., i.e... a bright red heat. — For 
moderately hot engines of the water-cooled type, the ‘‘ stainless ’’ steel, having a 
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carbon content of between o.40 and 0.70 per cent. and a chromium content between 
8 and 12 per cent., is successfully emploved. Valves in this steel will withstand 
a running temperature up to 750deg.C., f.e., a full red heat. For inlet valves a 
3 per cent. nickel steel has proved eminently satisfactory. 


As regards light alloys, the continuous development of the alloys of aluminium 
has had a marked effect on the progress of the aeroplane and aero-engine. Much 
time and thought have been given and much patient labour expended in the foundries 
in the effort to overcome the many difliculties connected with the casting of these 
light alloys. 


It is comparatively casy for the designer to produce a drawing of a crank 
case, a cvlinder, or a piston, which will be much lighter than the corresponding 
article made in iron or steel, and which will be strong enough and stiff enough 
for the duty it has to perform in the engine, but it is by no means easy to ensure 
that the article can be successfully cast. The designer has to co-operate with the 
founder especially with regard to thickness of the walls of the casting to enable 
the use of the comparatively low temperatures which are necessary to soundness ; 
and the design must be such that the metal flows into the mould always pushing 
the air before it, and thus avoiding air locks. In the foundry itself we have learned 
that with these light allows it is essential to maintain scrupulous cleanliness in the 
sand, the boxes, the melting pots, and in the metal itself. Great attention must be 
paid to the melting—the rate of heating must not be too rapid ; the temperature must 
be checked by pyrometer; a temperature of 7oodeg.C. in the pots must not as a 
rule be exceeded, and.care must be exercised to obtain a uniform temperature 
throughout the mass of moiten metal before it is poured. 


In the moulds, cores must be fragile enough to crush as the metal contracts 
and so avoid strains in the castings. GCften it is necessary to use metal chills to 
regulate the rate of cooling of the various parts of the casting and so relieve internal 
stress. 


As to the metal employed, it is not advisable to employ scrap if uniformly strong 
castings are required, and in aircraft work virgin metal must be insisted upon 
for all important castings. 


The light allovs have been specially applied to pistons, crank cases, and 
cylinders of aircraft engines. ‘The advantage of using a piston or cylinder of 
aluminium alloy arises out of the higher heat conductivity, which is three times 
that of cast iron. In the case of the piston the compression ratio of the engine 
can in consequence be increased, at once raising the efficiency of the engine. 
Although a higher compression ratio means a higher explosion temperature, the 
heat in excess of that which will allow of reciprocity without seizing, is conducted 
away more rapidly through the thicker walls of the piston, and the piston actually 
runs cooler than does a cast iron piston. There is little difference in the weight 
of the two pistons. The use of aluminium alloys for cylinders has not vet become 
general practice. There is practically no saving of weight in the use of a cylinder 
of aluminium instead of steel since the walls must be thicker and a_ steel liner 
provided. 


There seems little doubt that the future development of aircraft design will 
involve the inclusion of an all-metal construction. Several examples of all-metal 
aeroplanes, more especially of the fighting machine type, were used during the war, 
though not by us. Metal has several advantages over wood. First of all, there is 
the greater certainty of quality. The process of steel manufacture can be controlled 
all the way through, and defects, at any rate in the case of thin sections, cannot 
remain unnoticed. ‘Timber, on the other hand, is a natural product; it must be 
used in large sections and defects are difficult to discover ; furthermore, it is 
affected by atmospheric conditions. 
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The present-day all-metal machines are primarily built up of thin, cold rolled 
sheet steel of thicknesses from 0.015 inches to 0.022 inches. This steel may be 
plain carbon or alloved with nickel and chromium. The carbon steel requires to 
be tempered at about 4oodeg.C. after cold rolling, and then possesses a tensile 
strength of from 65—7o tons per square inch. ‘The alloy steel strip can be obtained 
ina condition suitable for punching, bending and welding, with an ultimate strength 
of over 100 tons per square inch. It is manufactured by the process of cold-rolling, 
annealing between each pass, and finally hardening and tempering. —.\ careful 
control of heat-treatment and avoidance of undue cold work is essential to ensure 
safety. 

Duralumin is also available for metal aeroplane construction, and this material 
promises to resist corrosion better than steel; it must, however, be very carefully 
heat-treated or its streneth will be greatly impaired. It has only a maximum 
strength of about 36 tons per square inch, but on the other hand, it has only one- 
third the specific weight of steel. 

After manufacture, the sheet metal, whether steel or duralumin, is built up 
into spars and struts, stiffness being obtained by longitudinal corrugations. A 
great advantage of metal construction in spars or struts is that practically all the 
metal in the section can be so disposed as to take its full share of the load. In a 


Fic. 2. 


All-metal spar (diralimin). 


wooden spar this is not possible. As to weight, metal spars in steel can now bi 


made as light as o.slbs. per foot run as against o.65lbs. to o.Ss5lbs. per foot run 
for wooden spars of equal strength. In the case of struts for the largest machines 
of to-day, wooden struts are often 50 per cent. heavier than metal struts of greater 
stiffness and strength 

The chief difficulty with metal constructional work is corrosion and it can 
scarcely be said as vet that the problem is solved. Such being the case, timber 
still holds its position of importance in the aircraft world. 

In the choice of timber for use in aircraft, one would at first imagine that out of 
the plethora of timber in the forests of the world, unlimited supplies of any given 
quality of material would be available. 

This, however, is not the case. To meet the insistent demands of designers 
it is probably no exaggeration to say that literally hundreds of types of timber 
have been critically examined and ultimately discarded as unsuitable for aircraft 
manufacture. The result of this long process of elimination is that only those 
woods having exceptional qualities of stiffness, strength, and uniformity of growth 
are now used for this important purpose. 


Out of the mass of timber available, it soon became clear that for anything 
like economical bulk production only the pine-like cone-bearing trees could be 
considered. Of these coniferous woods the Alaskan or Sitka (or silver) spruce of 
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North America was found to be the best, and upwards of go per cent. of the timber 
used during the war in the construction of aircraft was of this variety. The trees 
that supply this timber grow over a limited area only of the Pacific Coast Watershed 
of the British Columbia region. , 

In this very rainy forest region where growth is dense, the Sitka spruce trees 
have to be selected and weeded out from amongst many other types; and even 
of those spruce trees that appear suitable less than 5 per cent. are ultimately 


brought out of the forest for the production of aircraft timber. The trees are 
individually chosen by expert selectors before felling. ‘Trees from 3ft. to oft. 


diameter at the base are found to furnish the best timber for aeroplanes. Such 
trees are generally from 250 to 750 vears old and from 100 to 200ft. high, having 


Fic. 3. 
Front and side view of a hollow 
main-iwing spar. Poor workmanship 
is shown in the cutting to shape of 
the internal block. The block was 
also split across the centre, 


clear stems for two-thirds of their height from the ground. .\ large amount of 
the wood in the centre of each log has to be discarded as it contains the remains 
of atrophied branches, the only usable material being that contained in a series 
of planks cut from around the periphery of the leg. 

On its arrival in this country, all timber, before it is approved for use in aircraft, 
is examined for defects and is then sample-tested for moisture-content, stiffness 
value, and brittleness. For moisture-content, to ensure that the wood will remain 
reasonably stable after incorporation in a machine; for stiffness value, so that 
spars and struts shall effectively resist the calculated stresses ; and for brittleness, 
so that no sudden stress or impact may snap a vital member even when loading 
is below the calculated amount. 

In the same way that silver spruce proved itself to be the timber par excellence 
for the main members of the wing structure, English ash has shown itself to be 
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without parallel for use in fuselage-longerons, engine bearers, Wing-tips, etc., 
while walnut and mahogany are equally unrivalied for use in propeller work. 

In dealing with these hard wood timbers, great difficulties were encountered 
during the war. While from the outset spruce could be obtained in a reasonably 
dry condition, supplies of dry English ash were non-existent ; and dry mahogany 
and walnut could only be obtained in wholly inadequate quantities. , 

This situation led to the erection of seasoning kilns in all parts of the country 
for artificially drying these timbers, and on a scale far beyond anything ever 
attempted before. Thus, during the war, over 84 million superticial feet of this 
type of material were dried under the supervision of Government inspectors in 
special drying kilns erected for coping with this branch of work. (The exact 


Front and side views of a laminated wooden 
aeroplane spar. The spar is made up of three 
lamine. The external appearance did nag 
indicate that the middle layer contained two 
knots and a grub hole. 


amounts were :—English ash, 2,100,cooft.; mahogany, 2,700,o00ft.; walnut, 
3,700, 000!t.). 

So successful was this work that it is not too much to say that the kiln-dried 
timber was fully equal, !f not superior, to the best naturally seasoned timber. Many 
business firms in this country are now continuing the use of these kilns and 
employing the methods introduced by war conditions. Incidentally, a gratifying 
feature of the work was the appreciation expressed during the war by the repre- 
sentatives of the Allied Governments, especially those from \merica, at the high 
standard of efficiency of British kiln drying. 

During the last few months of the war the A.1.D. developed a method of 
examining aircraft timber and timber workmanship by means of the X-rays. This 
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method, which is only in its infancy, gives promise of being a valuable supple- 
mentary aid to existing methods of timber inspection. 

Materials like plywood, glue and casein cements have also been gradually 
raised during the war from a condition of unreliable and irregular quality and 
placed on a more scientific basis. Thus the quality of glue has been improved by 
establishing definite test standards, and demanding the elimination of accidental 
and deleterious constituents. Glue makers know their business to-day better than 


{ 

FiG. 5. BIG. 6. 
Acroplane wing skid which was cut off Interior of the end of a 
too short and so dial not bottom into its hollow box strut, with 
auminium socket. Cavity shown at B. plywood faces. The in- 


fernal strengthening block 

at the end is seen to be 

badly fitted and cach of 

the screws has split’ the 
block. 


they have ever known it before. In fact, where in the carly stages of inspection 
over 40 per cent. of the glue tested was-discarded because of failure to attain 
to the essential conditions laid down by the A.1.D., the quality -of the production 
has so improved that 90 per cent. now passes all tests. 

Similarly with casein cements (generally used for the manufacture of waterproof 
plywood), the quality has so far been improved that the productions are not only 
waterproof at ordinary temperatures but may even be boiled for several hours 
without showing appreciable signs of separation. 
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The use of linen for aeroplane fabric has been almost universal, although 
some cotton was employed towards the end of the war. The testing of aeroplane 
linen is a relatively straightforward matter; but even in connection with this 
material obscure defects have had to be reckoned with and specified against. 

As far as the constrection of the fabric is concerned, it is a simple matter 
to ascertain that the number of threads per inch in the warp (lengthwise threads) 
and in the welt (crosswise threads) are such as are required by specification, while 
the weight per square vard of the fabric and the tensile strengths of the yarn 
and the woven fabric are easily determined quantities. 

On the other hand, the general quality of the material may be seriously 
affected by a variety of weaving defects, and these often need a trained eve to 
detect them in the piece. Such defects are either cut out or patched. 


photomicrograph showing — the 
glued joint between two adjoinimg 
lamine. The glve may be seen to 
hare effected satisfactory ponetra- 
tion or keying on each side of 
the joint. 


One obscure defect took some little time to locate. In some instances a good 
quality dope applied to an apparently good quality fabric produced a very unsatis- 
factory dope surface full of minute bubbles and blisters. This was eventually 
traced back to the size used in the weaving process. “The warp threads, which 
have to withstand considerable tensile stress as well as much chafing during the 
weaving process, are usually sized with thin flour or starch paste to which a * size 
softener ’’ (grease) is added. It was found that if the size softener contained 
even traces of unsaponifiable mineral grease, then ** bubbly doping’? was the 


inevitable consequence. The result was that pure, saponifiable greases, such. as 
tallow, palm oil, or Japan wax, had to be specified as size softeners, and afterwards 
no further trouble arose on this score. ; 


Aeroplane dope is applied mainly to tauten and weatherproof the linen stretched 
over the wings. Briefly it consists usually of a solution of cellulose acetate in 
acetone to which are added agents to vender the dope film plastic and weather- 


resisting. 
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During the war many technical diiliculties were experienced and surmounted 
in dope making. Some were due to shortages in supply; others were problems 
associated with the provision of substitute ingredients and the blending of available 
ingredients; but in spite of all these troubles, few, if any, serious occurrences 
were to be traced to defects in this essential material. 


Fic. 8. 
Air bubbles in the dope. 


Since there has been little precise work upon india-rubber, its use upon 
aircraft has necessitated a considerable amount of investigatory work and close 
inspection in order to ensure the absolute dependability of the finished product. 

This has been especially the case with ** petrol-resisting hose ‘’—an_ india- 
rubber tubing with canvas insertion, short lengths of which are used to connect 
up the petrol, oil, and water systems of an aeroplane engine. These rubber con- 
nections have proved to be essential to obtain unions which do not fracture under 
the sustained vibrations to which they are subjected. 


iG. Q. 
Example of good even doping. 


Since petrol dissolves ordinary india-rubber, causing it to swell and become 
‘* cheesy,’’ thus choking the bore of the petrol pipe, considerable research had to 
be undertaken to find a mixture and the degree of vulcanisation necessary to remedy 
this fault. The specification which was ultimately drafted laid down that the 
sample shall satisfactorily withstand one hour in boiling petrol followed by 23 
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hours in the cooling petrol. Hundreds of miles of P.R. Hose conforming to these. 
requirements have been manufactured during the war. 

India-rubber also enters into the construction of ** shock absorber cord ‘'— 
a type of ‘* Sandow ”’ exerciser cord used in the undercarriage to absorb landing 
shocks. 

A very vital and more recent employment of rubber is in the construction of 
self-sealing ’? or bullet-proof petrol tanks. The fuel was the source of the 
great majority of the fires on aeroplanes during the war, and these self-sealing 
tanks have proved of the greatest value in effectually stopping accidents on this 
score. The tanks are made of thin sheet metal with an external coating of rubber 
about tin. thick. On being struck by a bullet which pierces both the rubber and 
metal walls of the tank, the rubber springs back into place and thus closes the 
aperture. The quality of the rubber cover of a bullet-proof tank must be 
the opposite of that emploved for petrol-resisting hose, in that the rubber on the 
bullet-proof tank must tend to swell in petrol since such a property would assist 
the sealing process after a bad or jagged penetration. 


From the foregoing it will be seen that the present-day designer has a choice 
of materials, the range and quality of which were undreamt of by his predecessor 
of a few vears ago. 

A suitable and reliable material exists for every specific part, and by a wise 
selection of such material the designer can ensure that his machine will be safe from 
the point of view of the material specified in his designs. Furthermore, present- 
day methods of manufacture place him in a position to attain such safety at 
reasonable cost. This is the outeome of the fact that the development of the 
characteristics of aircraft from a safety point of view has progressed possibly at 
a faster rate than any of the others. Research work carried out at the R.A.E., 
particularly in regard to establishing the loads which may be encountered in flying 
under all conditions of manoeuvre, has given the designer some concrete evidence 
on which to base his calculations for determining the sizes of the various structural 
members. The invention of an instrument known the Lindemann 
Accelerometer *’ to determine such loading has been satisfactorily accomplished, 
and many tests have been carried out with this instrument on a large variety of 
aircralt subjected to all sorts of acrobatic manceuvres. 


The development of stability requirements has also reached a stage where 
one can arrive at the degree of compromise between stability and «manceuy-e 
required, and from data now available the behaviour of an aircraft can be assumed 
even before its first flight. 

In designing .the various details of the structure in the earlier days it was 
customary to resort to the best of eve-ything available in the form of material or 
labour for producing the parts in question. This stage is now past, as it has been 
found possible that consideration of manufacture allows such parts to be produced 
very casily and at less cost without in any way affecting the strength, and conse- 
quently the safety, of the part. 

Particularly good instances of this are given in the accompanying illustration, 
from which it will be seen that the value of utilising sheet metal construction in 
place of making forgings, machining them, or even machining parts direct from 
bars, is very considerable, as both the latter operations are costly. 


j Any design which, whilst incorporating satisfactory material, allows of ease 
in construction, assists in maintaining safety, for ease in construction is likely to 
result in satisfactory construction. In this connection a few points may be touched 
upon, the first of which is welding. 


It is impossible to state definitely from the usual visual examination that any 
welded joint is reliable. = The only sure method of proving such a joint is a 
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destruction test such as cutting through the weld. It follows that this method 
could not be applied to the actual fittings which have to be used in an aeroplane. 
Further, the material of the weld is only very mild cast steel and cannot have the 
structure and strength of worked material. It was therefore decided to forbid 
welding in any part of a fitting subject to tensile or bending loads. Even where 
welding Is permitted careful heat treatment is subsequently given to the fitting 
in order to refine the structure of the surrounding metal which will have been 
coarsened and embrittled by exposure to the high temperature of welding 

Laminated construction has been largely adopted with resultant improvement 
in constructional methods. Wiring plates were formerly required to be of heavy 
gauge metal; they are now usuzlly made from two or more thicknesses of lighter 
gauge, brazed or soft-soldered together, which considerably reduces any danger of 
failing through internal defects in the steel. Further, where lugs are required to 
be bent to suit the lead of a wire or cable, the component plates are bent separately 
before fixing together, thus obviating the severe local straining at the bend which 
is bound to occur in a single heavy plate. Incidentally, all bends in sheet metal 
are now radiused and failure at these points due to local strain occasioned by the 

euse of sharp-cornered bending blocks, is now non-existent. 

Laminated construction has been extended to wood parts, and curved members 
are now built up from thin strips bent and glued together on a former jig, without 
the use of steam and the consequent risk of damage. 

Laminated spars and struts, although originally introduced to enable small 
sizes of timber to be built up into serviceable sizes, were found to be as strong 
as or stronger than solid members. This construction gave opportunity for what 
amounts to internal inspection of the wood, with the result that the quality of the 
material throughout a member proved more consistent and enabled a lower grade 
timber to be used for the same average strength. 

Important working parts of aeroplanes which are covered up while in actual 
use have been rendered easily accessible tor examination purposes by the prevision 
of inspection windows, doors, easily detachable covers, ete. or example, 
inspection doors are now fitted in planes so that by sliding a panel a control pulley 
or cable inside the plane can be readily examined or replaced; similarly with a 
pulley fitted on the outside of a plane, the fairing is arranged so that it can be easily 
dismantled to expose the pulley. Fuselage coverings are now so arranged as to 
permit of rapid dismantling where it is necessary to inspect or true up the fuselage. 

During the war, additional safety was secured by duplicating the flying wires. 
This was done in two ways. Firstly, by actually doubling each wire, and secondly, 
and this is probably more satisfactory, by designing the incidence and drag bracing 
so that should a flying wire in one truss break, the load is transferred through that 
bracing to the remaining truss. Extra loads are, of course, thrown on other 
members of the structure, but these are carefully considered in this connection. 

Important control cables are directly duplicated so that the failure of one wire 
does not mean loss of control of the machine. 

In the earlier davs of flying, the liability of error in manufacture, due to the 
human element, was considerable. Holes in spars, ete., were drilled with a hand 
brace and were often out of truth or position. Assembly of the parts in many cases 
resulted in the serious weakening of the member. Further, there was always the 
risk of errors being concealed, especially where there was a subsequent process of 
taping or painting. The insistence upon the use of jigs and fixtures has eliminated 

this trouble. 

In the assembly of metal parts to soft wood members such as those of spruce, 
it is most important that the metal parts are not forced into the surface of the 
wood, with resultant damage to the fibres. To obviate this, metal fittings are now 
designed with maximum area at the face of attachment so as to distribute the load 
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as much as possible; hard wood packing pieces are fixed between the soft wood 
members and the metal fitting, and large washers, or even washer plates conforming 
to the outline of the fitting are placed under the nuts of the attachment bolts. 


Such parts as nuts and bolts, turabuckles, and rafwire forkends are liable to 
come adrift when subjected to vibration unless suitable locking devices are 
employed. Bolts attaching fittings which are not required to be removed are per- 
manently secured by rivetting over the end on the nut or even slightly burring. 
Castellated nuts and split pins are invariably used when the bolt is liable to require 
removal at any time. Turnbuckles are prevented from unscrewing by means of 
a soft iron locking wire. Rafwires and tie rods are usually locked by means 
of lock nuts at each end, but this method can only be satisfactory when extreme 
care is taken in tightening up the nuts or using a lock nut made from a softer 
material than that of the screw. Alternative locking devices for cross bracing 


to. 
Badly drilled) spar, drilled for 
attachment to the centre section. 


wires are now available, the best of which is undoubtedly the ‘f Acorn.’’ Another 
method applicable to duplicate wires is the clamp plate extending over the two 
wires. 

Even thovgh ali these safety devices be arranged for in design, there still 
exists a necessity for daily inspection when the machine is in use. This is dealt 
with more fully later. 

From the point of view of durability of engines and component parts, great 
strides have been made in the past few vears. 

In this connection it is interesting to note that in pre-war and even in the 
early war-time engines, the average life before overhaul was comparatively low, 
that of one of the best stationary engines of the time being approximately 50-60 
hours, and the most reliable rotary engine averaging 15 hours actual running time 
before complete overhaul became necessary. 

With the tendency in the present-day engines towards obtaining higher power 
and the consequent necessity to increase the number of cvlinders, the difficulties 
‘encountered in the production of a reliable engine are. proportionally increased. 
The fact that the running time of some of the modern stationary engines is 200 
hours, and upwards, and that of rotary engines is 50 to 70 hours before complete 


A 
— 
rae 
| 
j 
| 
| 


152 THE AERONAUTICAL JOURNAL LAugust, 1920 


overhaul becomes necessary in the respective cases, makes it obvious that great 
improvements in materials and design have been effected. 

With the advent of commercial aviation, it becomes necessary to consider the 
safety point of view above all others, reliability being of paramount importance. In 
order to secure the highest degree of reliability, it is possible that the low weight 
power ratios now obtainable will have to be sacrificed to some extent and, even 
if the power remains the same, the weight may be slightly increased with 
advantage. 

This is not a retrograde step, as with present-day knowledge of materials 
and thermo dynamics, such an engine for this purpose would probably prove 
superior to those at present in use. lor example, a racing car engine is not the 
best for a touring car, likewise a touring car engine is not suitable for lorry work. 
We must therefore apply these principles to commercial aircraft engines. ‘There 
are indications that the most suitable engine for commercial purposes is one 
running at a speed which allows the propeller to be driven direct at approximately 
1,400 to 1,500 r.p.m., which has ample bearing surfaces, is reasonably economical 
in oil and fuel, and is of clean and simple design. 


11. 


A section through a connecting rod 
where the grooves for holding the 
white metal hare been cut without 
a radius and it was found that the 
rods repeatedly cracked from the 
corner of these grooves to the 


bolt hole. 


Large aeronautical engines are, almost without exception, water-cooled, and 
the cooling system is an added complication, giving rise to the possibility of many 
failures, more so, however, in war than under commercial conditions. Air-cooled 
engines of large power are rapidly coming torward, and the use of such engines 
will tend, by the elimination of these possible failures, to promote the further 
safety of commercial flying. 

The subject of the advance in engine design can only be touched upon here 
ina general manner. During the last few vears it has assumed such huge dimen- 
sions that a special paper would be necessary to convey an adequate account of 
the improvements made. At the present time there is no part of the engine or 
its components which has not been improved, both as regards material and design. 


As previously mentioned, the use of the highest grade of light alloy and 
high tensile steels has become general, and considerable attention has been paid 
to the manufacture of components from these materials, particularly with regard 
to stamping, drop forging and heat-treatment. More than ever, the preliminary 
operations on the raw materials have been studied in their relation to the design 
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of the finished component, and the satisfactory use of forgings in high tensile steels 
has only been possible by the special attention and investigation which has been 
given to this subject. 

The testing of individual parts during manufacture has allowed of the dis- 
covery and elimination of possible causes of failure, which under the usual methods 
of inspection would not have been discernible in the finished product. Such testing 
has been responsible for the increased reliability of engine components. 

Particular attention is given to pressure tests on rough and machined castings. 
All oil passages, whether in castings or machined parts, are tested under pressure 
during and after erection, in order to ensure that no source of trouble may develop 
during the early life of the engine. 

In many early designs a source of great weakness was the permitting of sharp 
corners at the bottom of key-ways. | Present-day practice overcomes this defect, 


12: 


A section through a shaft, near to the point 

of fracture. The point of origin of the cracks 

which led to failure is seen to be at the sharp 
corners of the keyway. 


for in machining the various parts, great attention is paid to the elimination of 
sharp corners, scratches, undercuts, and sudden changes of section which may tend 
to develop fatigue fractures by the localising of stresses. 


Special attention is paid to the satisfactory locking of afl detachable parts 
which are subject to vibration or reversals of stress, and much of the improvement 
made in detail design is due to the satisfactory way in which this has been carried 
out on parts which were previously considered unimportant. 
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As a further check on the reliability of engines, the bench tests imposed are 
of a much more strenuous nature than were applied in the past, and methods of 
testing and the equipment employed have been considerably improved as the result 
of war-time experience. The use oi torque reaction brakes or test stands, fuel 
meters, etc., enable accurate values to be obtained in regard to h.p., and fuel and 
oil consumption, and any slight variation from the normal is easily detected by 
these means. 

Regarding the instailation of the engine and its accessory plant, great steps 
have been taken towards the elimination of faults in design and workmanship 
which were a constant source of danger in earlier types of aircraft. 

Investigations into the cause of accidents and forced landings have shown 
that a large number of such accidents were due to some siight defect developing 
in the engine installation plant, therefore it became necessary to devote greater 
attention towards overcoming all possible sources of failure. .\ fear which was 
continually present in the minds of most pilots and others concerned in flying was 
the danger from fire caused by inattention to vital details of engine installation 
which it was customary to consider of minor importance in those early days. This 
has now been greatly minimised in modern machines by so arranging the inflam- 
mable structure that no part is exposed to direct or indirect heat. The carburettor 
air intakes are now led outside the fuselage or engine nacelle, and backfires or 
blowbacks are rendered harinless. 

The accumulation oi loose petrol is prevented by attaching drain pipes to the 
lowest points of carburettor inlets and air intake pipes, these drain pipes being 
led out and away from the fuselage. 

Another source of danger arose from the fact that electric leads were frequently 
run in exposed positions and secured to the longerons and spars by means of metal 
staples, thus in due course laving bare the wire and so increasing the danger ot 
firing any accumulation of petrol vapour which might be present. ‘To overcome 
this it has been laid down in all Service machine contracts and rigorously observed 
that all electric leads must be run in guard tubes, preferably of a non-metallic 
character, and must on no account be attached to any part of the machine by metal 
fixings. 

The engine itself has undergone important modifications all tending to decrease 
danger from fire, and the chief amongst these improvements is to be found in the 
magneto. Modern magnetos are totally enclosed; any internal sparking therefore 
cannot set alight any petrol vapour which may be present. The present design of 
carburettors also follows this example, most modern carburettors being so enclosed 
as to eliminate the possibility of petrol leakage. The location of the engine has 
also an important bearing on fire risk. and the modern tendency is to mount the 
engine in an all-metal structure, thus insulating it from the remainder of the 
machine. This is easily effected in the case of rotary or radial engines having a 
vertical plane mounting and multi-engined machines with engines mounted in 
separate nacelles. 

With the increasing tendency toward the use of all-metal structures, it is 
obvious that the work of making single-engine machines fireproof will be con- 
siderably decreased. In connection with this it is interesting to nete that machines 
are already in existence, in the construction of which the use of inflammable 
material has been entirely eliminated, although at present this can only be con- 
sidered in the experimental stage as far as this country is concerned. 


Several mysterious fires have led to a belief that static electricity has caused 
discharges between adjacent metal parts of the machine due to differences in 
potential, thus setting light to petrol vapour. On small machines this effect is 
negligible, but on larger machines the presence of parts at different potentials exists 
under certain circumstances. To neutralise this effect it has become the practice 
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to ensure electrical continuity by wire bonding all parts of the metallic structure. 
In cases where machines are fitted up with wireless apparatus the receptive capacity 
of the aeroplane is increased end aerial wires may be dispensed with. 

A continual source of trouble in the earlier days was due to petrol pipe failure, 
this in its turn causing failure and stoppage of the engine and sometimes led to 
fire due to the petrol coming in contact with the exhaust flame or spark from the 
open type of magnetos, ete. 

Fracture of pipes was generally due to lack of provision for absorption of 
vibration. In all moder machines an essential point is the insertion of some form 
of flexible joint at frequent intervals in the pipe lines, especially at points where 
pipes enter and leave the engine mountings, fuselages and other fixed components. 
A largely used form of flexible joint consists of a short length of petrol-resisting 
rubber hose connecting the two ends of the pipe. To ensure alignment and relieve 
the rubber from stress, a barrel-shaped tube or ‘* Olive’? is inserted between the 
slightly bell-mouthed ends of the pipes. The rubber hose is passed over the whole 
and secured by means of clips at each side of the joint. 

A point of extreme importance and one to which insufficient attention was 
given in the past is that relating to the supply of petrol. Contributory causes of 
failure were insutlicient pipe area, filter gauzes of too fine a mesh, restricted flow 
caused by bad bending, air locks due to defective design of pipe lines, and presence 
of foreign matter in the petrol system. To obviate these troubles various improve- 
ments in design and inspection have been effected. The dimensions of petrol pipes 
in modern machines have been materially increased to ensure a minimum flow of 
10c0 per cent. in excess of engine consumption at full power. Filter gauzes of 
restricted area and too fine a mesh are dangerous inasmuch as they so quickly 
xecome choked and restrict the petrol supply. “To correct this a standard mesh 
gauze has now been provided, namely, 120 by 140 per inch, and a standard filter 
is required on all aircraft, the dimensions of which ensure an adequate supply of 
petrol. 

In the early type machines it was invariably the custom for petrol to be sup- 
plied from gravity tanks placed at a sufficient height above the engine to have an 
adequate head of petrol ensuring an ample supply to the engine. With the pro- 
gress made in larger machines it became necessary to keep the petrol tanks low 
down, thus some means of raising the petrol to the engine carburettor became 
necessary. or this purpose an air pressure system on the tanks was adopted, the 
pressure in the tanks being supplied by means of a hand pump, and alterwards 
maintained at a constant pressure by means of either a wind pump fixed to a 
convenient part of the machine, or a mechanical air pump driven off the engine. 
This method was effectual whilst the pressure was maintained but was open to 
several objections, most important of these being that if from any cause a fracture 
of any of the pipes occurred, the pressure was immediately lost with the conse- 
quent result of cutting off the supply of petrol to the engine. In a war type 
machine this point was of vital importance, as a bullet through any pipe or tank 
immediately placed the machine out of action. With the air pressure system 
it is also most important to prevent undue pressure on the carburettor, otherwise 
flooding will result. The usual method adopted to overcome this difficulty was 
to employ a safety or relief valve in the air pressure system, this being set to 
blow off at approximately 24lbs. per square inch. These safety valves were, in 
the majority of cases, unreliable in action, and coupled with the fact that air 
pressure pumps frequently failed, this svstem is not recommended. 


With the advent of multi-engined machines some more reliable method of 
petrol distribution became necessary. The system most in vogue at present and 
which has much to recommend it is to induce the petrol from the tanks by means’ 
of petrol pumps in lieu of forcing it out as in the air pressure system. In most 
petrol systems the petrol is delivered direct to the carburettors, and any excess 
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of petrol supplied and not required by the engine is returned back to the tank 
via an overhead tank of small capacity. The object of this small tank is two-fold ; 
it ensures a constant pressure being maintained at the carburettor, and also in 
the event of failure of the pump, the reserve of petrol in the gravity tank allows 
the machine to be brought down under its own power, although naturally its 
radius of action under these conditions is limited to the capacity of the gravity 
tank. 

The petrol pump, as a rule, is driven by means of a small air propeller, and 
it is usual to supplement this by a hand petrol pump in order to provide the initial 
supply of petrol for starting and also for use as required in the case of emergencies. 
Danger of failure to petrol supply is thus materially reduced, and engine failure 
through this cause is becoming daily of less frequent occurrence. 

There is an interesting method in use on some machines which utilises the 
vacuum created in a Venturi tube by the passage of the machine through the air 
to raise petrol from the main tank to the gravity tank. A float arrangement 
maintains the petrol level in the gravity tank and cuts out the vacuum to prevent 
petrol being sucked down the Venturi. When the petrol level falls to a pre-deter- 
mined extent the vacuum comes again into action, again filling the gravity tank. A 
small hand-operated centrifugal pump is provided as a_ standby. 

Great improvements have been made in small accessories, particularly petrol 
cocks. Owing to its low viscosity, it is extremely dificult to prevent petrol leaking, 
and only the highest class of workmanship is necessary to produce a satisfactory 
cock. This ts realised to such an extent that only three cocks are at present 
approved for use on Service machines. 

A point which received little or no attention m the early machines was the 
accessibility of the engine and its various components. It will be instantly realised 
that in order to ensure an engine being constantly in running order it must receive 
frequent attention, not only to the engine itself, but also the installation. 

In early type machines it was of frequent occurrence for magnetos, carburet- 
tors, water pumps, filters, etc., to be placed in such positions and built around 
by cowling to such an extent that an immense amount of time and trouble was 
necessary in order to examine the parts as or when required. Under these circum- 
stances it will be easily imagined that many parts were left untouched and unin- 
spected for considerable periods. 

It will be appreciated that under these conditions the engines suffered to a 
considerable extent, and engine failure through inattention to small details was 
prevalent to a great extent. .\ typical instance of this lack of accessibility can 
be cited on one machine which was in service during 1916, the engine of which was 
completely enclosed by a 3-piece metal cowling secured to the machine by 238 
screws and nuts. 

In order to change the radiator of this machine it was necessary to remove 
the whole of. the cowling, and to obtain access to the carburettor Or magnetos, 
two pieces of cowling had to be removed. In modern machines accessibility is 
made a strong feature of design, the cowling in most instances being secured by 
ninge pins, thus enabling the engine to be laid bare within a few seconds. In 
addition, inspection doors are provided at convenient points, allowing access to 
essential parts without the necessity of dismantling the cowling. A very good 
instance where accessibility is carefully considered is to be found in a recently 
constructed machine. This aeroplane is fitted with a large radial engine, and 
the mounting plate is so arranged that it hinges vertically on one side and can be 
swung around so as to expose the whole of the rear of the engine with all its 
accessories. 

Concerning the accessibility of all the various engine components, regulations 
have now been drawn up and are required to be rigorously observed in all aircratt 
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contracts. These regulations provide for the accessibility—for inspection and 
removal—of the magnete and its fittings, carburettor, filters, oil and water pumps, 
and all rubber connections. 

In the foregoing I have endeavoured to trace, albeit briefly and imperfectly, 
the advance which has been made in all stages of aircraft work, from the raw 
material up to the finished product. In every case these steps have been primarily 
mm the direction of the attaiament of greater safety and reliability, and it is the 
cumulative effect of these revolutionary improvements to which the present-day 
aircraft owes its inherent safety. But even when the aircraft is complete and 
presumably ready to take the air as a flving unit, there still remains an important 
head under which safety is to be considered, namely, Operations. 


Under this head we must first consider the fact that although the machine is 
complete, assembly and erection is not all. Although the machine has reached 
the stage where a certificate of airworthiness may be granted, conveying to the 
general public that the design of aircraft, as regards strength, stability, ete., Is 
approved, and also that the materials, processes and workmanship employed in 
the construction of such aircraft have been inspected to the satisfaction of an 
approved authority, the effective functioning of all its parts has vet to be gone 
into technically. 


The petrol must flew to the engine, the oil must reach the engine, and the 
controls operate freely and correctly. It is here that the designer has in the 
past been fable to stumble; he has not fully realised the necessity for close 
relationship between the cngine, tank, controls, and the hundred-and-one other 
fittings which go to make up a flying machine. 


The tanks, pipe lines, ignition, ete., of the modern aeroplane are undoubtedly 
complicated, often unnecessarily so, and as already stated a large percentage of 
accidents may be traced to faulty design of the installation, 1asufficient knowledge 
of the methods necessary for erection, and insutlicient care in ascertaining that 


the various parts function correctly. “The whole of the installation requires daily 
attention and daily watching, and this can only be done by a man specialised in 
the art. Under civil operations such a@ man is known as a ground engineer. 


Under present conditions, after a machine has received its certificate of airworthi- 
ness, the responsibility for its general maintenance and repair, determination of 
periods between overhauls, correct tuning-up, testing, and generally ascertaining 
that the machine is safe for flying at any and every time, lies with the ground 
engineer, and it will thus be seen that his work is of the highest importance. 


By regulations made under the \ir Navigation Act, the ground engineer is 
required to be duly certified by a competent authority appointed by the Air Ministry, 


and must undergo an examination to qualify for a licence. Such examination is 
carried out by representatives of the Director of Aircraft Inspection. The standard 
set is a high one, and rightly so. These licences are divided into two categories— 


one for the inspection of aeroplanes and or engines for daily flight, and one for 
the overhaul, repair and inspection after overhaul of aeroplane and or engine, 
and of the two types, the man who must look after the overhaul and repair, to 
my mind, requires the higher skill and experience. He has a dithicult task, he 
must first of all decide how often he should pull out his engine, how often make 
a complete overhaul of the machine, and, when everything is stripped, decide what 
should be replaced, and that replacements are correct in accordance with drawings 
and specifications of required material. If the machine has crashed he must 
decide as to what extent the original components may safely be used again. 
The man who pays the bill may not be very encouraging with regard to replace- 
ments and renewals, therefore the ground engineer must have a good knowledge 
of costs to enable him to make his recommendations in such a way that the machine 
is restored safe for flight with the minimum cost. 
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There is a loophole for danger to creep in when repairs are conducted away 
from the aircraft manufacturer. As a general rule, the material required for 
repairs is not at hand, or if available may be unsuitable. It may be that those 
responsible for repairs do not know of what the parts are made, and there is 
certainly a danger of spare parts, which have not been manufactured to specifica- 
tion requirements, being used. | would recommend every manufacturer of a 
machine, and especially of the engine, to make it a condition of sale that spare 
parts are obtained from him. Any user would be well advised to pay the greatest 
possible attention to this point and to encourage his ground engineer to safeguard 
himself in every possible way. 


I consider the status of the ground engineer should be universally regarded as 
a high one, and that it must be maintained as such, for there is no doubt that a 
vround engineer with a good reputation spells safety, not only from the point of 
view that a machine passed by him is safe, but also from the confidence he uncon- 
sciously inspires in the pilot. © The very highest tribute is due to those ground 
engineers who are responsible for the preparation of the machines which have 
been, and are still making daily trips between London and Paris. 


Regarding suitable personnel for the position, | am of the opinion that the 
average pilot who received his training during the war will not, as a rule, make 
a suitable ground engineer, because, firstly, he is not generally an engineer, and 
secondly, he has been trained in Aving for fighting purposes rather than in the 
mechanical details of his machine. \gain, the purely workshop engineer has not 
had the experience of the aerodrome to enable him, so to speak, to feel the pulse 
of the machine, for this is an engineering art only to be learnt on the aerodrome. 
It follows then, that the ideal ground engineer is the man with workshop experi- 
ence and a good knowledge of materials and process combined with an aerodrome 
experience which enables him intuitively to place his hand upon the source of any 
trouble which may develop. 


A system of supervision is in force whereby the work of the ground engineer 
is periodically supervised by duly authorised representatives of the Director of 
Aircraft Inspection, and it has been found in the great majority of cases that the 
work is being well and efliciently carried out. 

We must now consider the question of the pilot. As I mentioned previously, 
there is at the present moment a large number of skilled pilots from which to 
choose, but such a satisfactory state of affairs cannot last indefinitely, and in the 
future transport pilots will have to be specially trained to meet the demand. A 
nation like ours, however, should never be short of applicants for such posts, and 
the difficulty will lie not in finding personne! eager to qualify for the position, but 
in determining the nature of the tests which will satisfactorily prove the applicant’s 
ability. The Air Navigation Act Regulations lay down the requirements to be 
fulfilled before a pilot may be licensed for transport work. Medical qualifications, 
practical tests, and theoretical knowledge of machine, engines and navigation 
must be of a high standard, a standard which, if maintained, should as far as 
possible result in the selection of only those individuals who are thoroughly 
capable of carrying out the important duties involved. 

Coming to the concluding point of operations, reasonably good taking-off 
and landing grounds must be provided. There are suthcient good aerodromes in 
the country to meet all present requirements, but their working must be organised 
in such a manner that air traffic is regulated in the safest posstble way. There 
must be no haphazard, go-as-you-please methods allowed in the taking-off and 
landing operations at the busy aerodrome of the future. 


Efficient wireless installation and signalling svstems either by flares or search- 
lights should all be maintained at a high standard. An example of the progress 
in methods of communication may be found at Hounslow Aerodrome, where the 
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Aireraft Transport and Travel Company have fitted a wireless telephony installation 
by means of which direct communication may be maintained between aerodromes 
and with their pilots throughout the journey between London and Paris. Proposals 
have already been considered for the installation of an aerial lighthouse system 
on the London to Paris route, and an experimental lighthouse has been erected 
at Hounslow. There is no doubt that much can be done to promote safety in this 
direction. Wireless liaison between aerodromes and countries by which weather 
reports may be exchanged, provision for emergency landing grounds, marking 
out of routes, etc., all go to promote safety, and it is in this direction that Govern- 
ment aid would appear to be of most benefit to the progress of the industry. 

In conclusion, it will be seen that safety does not lie in any one man’s hands, 
but entails the co-operation of many and varied branches of research, science, 
manufacture and operation. The great strides made in the last few vears are only 
forerunners of what may, without any undue optimism, be expected in the not far 
distant future. Enthusiasm, patient research and far-sighted faith in the powers 
and possibilities of this new industry will produce greater results than even those 
already accomplished, and the day is not far distant when safety in flight will be 
regarded as the veriest commonplace. 
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PROCEEDINGS. 
THIRTEENTH MEETING, 55th SESSION. 


The Thirteenth Meeting of the Fifty-fiftth Session was held in the Hall of the 
Royal Society of Arts, London, on Wednesday, May 12th, 1920, Prof. L. 
Bairstow occupying the chair. 


The CuairMAn said the task of introducing the lecturer, Major Linton Hope, 
Was a particularly easy one, because everybody in the room would have already 
associated his name with the development of the flying boat. Before aviation 
became of interest to the world in general Major Linton Hope had made his 
Pame as a naval architect in connection with the design and construction of 
water surface racing craft—i.e., the hydroplane and the racing vacht. He 
understood some 500 vachts had left) Major Linten Hope's hands, and, 
in the course of the design of those boats, one of the main considerations to 
which attention was drawn was reduction of the weight of the hull, while 
retaining sufficient strength. When the war came along this information was 
available for the exactly corresponding problem in connection with seaplane 
hulls, and Major Linton Hope added one more to the number of lecturers who 
had given their experiences to the Royal Aeronautical Society during the year 
and brought the members within view of the limits of present knowledge. With 
an industry which had suddenly dropped from a production of something like 
a thousand aeroplanes and seaplanes per week to the production of a very small 
number for which the demand was somewhat uncertain, it was clear that the 
immediate future was full of difficulty, but those most intimately acquainted 
with aeronautics expected a future for aeronautics, mainly on the grounds of 
parallelism with the other means of locomotion—the steamship, the railway loco- 
motive and the motor-car. Aviation had shown that there were more worlds 
to conquer, and man, in the bulk as well as the individual, rather liked, he 
thought, the role of conqueror. But if anyone was to start to make further 
progress it was advisable that he should find out where the pioneers had already 
got to, and he would now call upon Major Linton Hope to tell them about his 
particular field of knowledge and give them some glimpse of the limits reached 
at the present moment. 

At the request of Major Hope, who regretted that in consequence of ill- 
health he was unable to read himself, 


Major A. R. Low (on behalf of Major Hope) delivered the following Lecture : 


NOTES ON FLYING BOAT HULLS. 


Before proceeding with these notes the writer wishes to apologise for their 
meagreness and the errors due to insufficient checking of figures given; as there 
has only been a little over two weeks to prepare the paper, which was originally 
intended for the autumn programme. It must also be understood that it is 
written entirely from the naval architect’s point of view for the designers and 
constructors of the boats. The writer claims no special knowledge of aecro- 
nautics beyond the smattering acquired during his service with the Air Depart- 
ment, Admiralty and the present Air Ministry, also he does not pretend to any 
great knowledge of mathematics, but has spent most of his life in seeking after 
lightness of construction in racing vachts, etc. 
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He has always found that careful tabulation of the data of each design made, 
and of all the successful competitors (when obtainable), not only simplifies 
decisions on the elements of future designs but gradually enables one to evolve 
certain formule to assist the designer, both in comparison of the actual elements 
of existing vessels and the probable performance. 


A New Design. 


When he first joined the Technical Department at the Admiralty, early in 
igi5, he had no experience whatever of flying boats, but for some years past 
had been making a careful study of the hydroplane boat, and he was mucl 
surprised when he saw the first Curtiss *‘ America’”’ (Fig. 1) Flying Boat at 
Felixstowe. Not only was she extraordinarily heavy and badly built, but in addi- 
tion she was a very poor hydroplane, owing to the form of her tail and enormous 
wetted surface for her low power. 


All who had to do with these boats will remember their great reluctance to 
leave the water, and it was entirely due to the skill and perseverance of the late 
Commander J. C. Porte, R.N.A.S. (as he then was), that the fiving boats were 
developed from this extremely crude beginning, into a large fleet of greatly 
improved boats, which kept up a continuous aerial patrol in the North Sea and 
elsewhere throughout the war. 

As a naval architect, and especially as a student of light construction, it 
may be that the writer did not always see eve to eve with the Felixstowe designs, 
and especially the methods of construction, but considering that Commander 
Porte was a complete amateur, both as a naval architect and boat builder, it is 
marvellous that he succeeded in developing the flying boat until the flying weight 
was increased some six times that of the original ‘* America,’’ and the whole 
world was convinced that flying boats were really practical machines, superior 
for many purposes to either the airship or ordinary aeroplane. 

Although the writer’s original work with the Admiralty consisted entirely 
of the inspection and structural criticism of flying boats and floats, through the 
kindness of his C.O. Wing Commander Randall (who also gave him most 
valuable suggestions as to parts of the flexible construction), he was_ per- 
mitted in 1916 to get out a design for an experimental flying boat (Fig. 2) of 
41 feet in length, 620 horse-power, with a total flying weight of 10,ooolbs. on 
10 hours’ fuel. A model was made from this design and thoroughly tested at 
the N.P.L. experimental tank, both under varying loads of 7,000, 10,000, 13,000 
and 16,o0olbs., the latter being, of course, absurdly excessive for a boat of this 
size. She was also tried with three different widths of planing bottom, 7 feet— 
as designed—s feet 9 ins. and 3 feet 6 ins., the latter being obviously as impossi- 
ble as the 16,o0olbs. weight. These tests proved the original weight and beam 
to be correct, but although approved by the Director of Air Services, it was 
turned down by the then Technical Director. However, a somewhat similar 
design of the writer’s of 45 feet and 12,o0olbs. weight (Fig. 3), P.5, has been 
built and proved herself an extellent sea boat, especially in absence of alighting 
shock. The hull is considerably lighter than the standard Felixstowe F. type 
of the same length and power, and she is stated to be handier in many ways. 
Major M. Wright, who was the first to fly this boat, will, I hope, give vou his 
opinion from the pilot’s point of view. Photographs (Figs. 4 and 5) show two 
cf these hulls when completed in the builder’s vard, differing in the form = of 
the planing bottom and the boat just getting off the water. It may be 
Mentioned here that neither of the forms shown in the photograph were 
what the writer should have designed if he had had a free hand, and he 
would here like to make what the Navy terms a small moan” the 
diftulties of producing successful design or making efficient progress 
when one always had to work to other people’s ideas. In this case it was with 
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great difficulty that he was able to slightly hollow the transverse section of the 
second boat, and to move the rear steps further aft than was customary with the 
Felixstowe type. In the first boat the step was a true V> without any transverse 
hollow as in the F. type and had the same angle of 20° to the horizontal. All 
the tank experiments have shown that a hollow section, especially at the chine 
or fin-edge edge, not only throws down a lot of water and spray, but is a more 
efficient form, and in the latest designs this hollow is considerable and has 
proved equally successful both in tank experiments and actual boats. 


The hollow main step section was apparent in the 4ift. design (Fig. 2), 
but at that time very little was known with regard to the best form and position 
of the rear step. In this design the step was too far forward, too flat, 
and the pointed after-end was entirely wrong. This latter form was merely 
shown tentatively in the design, with the object. of fitting a water rudder to it, 
if found desirable, and it was at once cut off square after the. series of tank 
experiments, as soon as it was proved to be detrimental, which was previously 
suspected by the designer. The position of the rear step was more or less in 
accordance with that of the 3zoft. A.D. boat (Fig. 6), which was the first example 
of the flexible svstem of construction, afterwards used in all the writer’s designs. 
The form of the planing bottom of the A.D. boat and its general proportions were 
designed by the Technical Department of the Air Service, based on a soft. design, 
which was one of the early N.P.L. models (Fig. 6a) (No. 135, I believe), with the 
addition of a much longer fore body. These boats were very difficult to get off the 
water although good sea boats for their size, and with later experience it is obvious 
that the main step was too far aft and the rear step much too far forward, also 
it should not have been connected to the main step by the after planing bottom. 
The angle formed by a tangent drawn from step to step and the forward planing 
bottom was too small, with the result that the boat could not be thrown back 
far enough to give the full amount of incidence to the planes to get her off 
properly. In spite of these faults in design, the A.D. boats showed the great 
strength of the flexible construction, and some bending and crushing tests carried 
out at the R.A.E. works at Farnborough show what they were able to resist. 


It has been suggested that P.5 and later boats of much larger size, designed 
by the writer, hav@ been evolved to some extent from C.E.1, but a glance at the 
profiles of the 41 feet design of 1916 (Fig. 7) and the 45 fect P.5 of 1918 (Fig. 8) 
will show at once that the latter boat is obviously developed from the writer’s 
original 1916 type, which was totally different from any flying boat in existence 
at that time. 


C.E.1, built in 1917, in her general form (Fig. 9), is not in the least like either 
the 1916 41-footer or the 1918 P.5, except that the main planing bottom, forward 
of the step of C.E.1 (see Fig. ga), has a marked resemblance to that of the 
writer’s 1916 design, the lines of which were lent to the Royal Aircraft Factory, 
Farnborough, where the design was made after many tests at the N.P.L. tank. 


She was built under the supervision of the writer and to his specification 
of 3/16in. single skin mahogany for the main hull, the construction being generally 
similar to that of the A.D. boats already mentioned, but owing to the difficulty of 
construction of the tail the labour per square foot of hull surface was increased 
15 per cent. 


The latest design is for a flying boat of 72,00olbs. weight and over 
80 feet in length and the large construction section (Fig. 10) is that of an inter- 
mediate size design for 32,o00lbs. The first boat built from this design came 
out only r2lbs. in excess of the estimated weight for the bare hull, while a 
second boat, built by another firm, was only t3olbs. more. Figs. 11, 12 and 13 
are photographs of these boats while under construction, made by Captain Jones, 
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As the estimated weight was nearly 3,ooolbs. these errors are almost 
negligible, and the difference between the boats is probably entirely due to 
difference in the specific gravity of the timber. Additional examples of the 
accuracy with which it is possible to estimate weights with this system of con- 
struction are two 24 foot boats, estimated weight 216lbs., actual weights 210lbs. 
and 209hIbs. 

Three 3oft. A.D. boats, built by three different firms, weighed 436lbs., 437]bs. 
and 44olbs., the estimated weight being 430lbs. The variation of the fore and 
aft position of the hull C.G. was fin. forward, fin. aft and 3/16in. forward, 
while the C.G.s of the 45 foot P.5 and the 64 foot boat were both exactly as 
designed. All these boats were weighed and balanced in the writer’s presence, 
the weighing machines being carefully calibrated both before and after use. 

It has proved very difficult to obtain accurate weights and C.G.s of other 
types of flving boats, but considerable variation in weight occurred in the case 
of the F. type boats built by various firms; nearly all of them being well over 
the weights given for the original boat of the type built at Felixstowe. 

The table of data gives the dimensions, weights, etc., so far as ascertainable, 
of most of the boats in use from the commencement of the war, with the exception 
of the ** Donnet-Leveque *? and the Sopwith ** Bat Boat,’* which were the pioncers 
of flying boats in this country. Unfortunately particulars of these two were 
unobtainable by the writer in time to be included in this paper. 


Estimation of Weights and Proportions. 
Flexible Type Construction. - 


In ordinary boat building it is necessary to carefully calculate the weight 
of each detail of the construction separately, and with the early examples of 
flexible construction the weights were estimated in this very laborious manner. 
As subsequent experience proved the variation to be very small between estimated 
and actual weights, it was found possible to estimate the weight of the bare hull 
with sufficient accuracy for preliminary calculations by means of ascertained 
weights of the whole structure per square foot of surface for any given thickness 
of skin. The proportion of stringers, ribs, hoops, and other parts of the frame 
always bearing the same relation to the thickness oi skin, regardless of size— 
unless a proportionate increase or decrease of strength is desired for special 
purposes. 

The simplest method of ascertaining these weights is to take length, breadth, 
depth, and thickness of skin in 32nds of an inch. 

The length (L), in the following table of weights of seaplane floats, is the 
mean of length over all, and that of the planing bottom, while diameter (ID) is the 
mean of breadth and depth, and (C) is a constant (= 1.08 for seaplane floats) 
then :—Weight = LDSC. 


Table of Float Weights. 


Example. S. LDSC.. Actual Wt. 
ft. ft. ins. Ibs. lbs. 
11.00 1.99 64 64.75 
2.28 3/32 97.6 97.00 
17.77 2.80 4/32 214.0 208.00 
18.90 2.88 4/32 23555 242.00 


A similar method to the above can be emploved for boats and for other 
types of construction, provided the same proportionate weight of the various 
parts of the structure remain the same with regard to the thickness of skin; the 
constant, C, will have to be ascertained from existing floats or boats of each type. 
For stepless floats it is only necessary to take the length over-all as L. In 
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estimating the weight of flying boats, the area of the thicker planing bottom 
should be treated as a separate item, as in the table of data, unless all the boats 
have exactly the same proportion of this planing bottom to main hull, when a 
common figure may be taken for the whole structure based on the area of the 
main hull only, as already explained. It is a pity that more details of weight, 
etc., were not available for the other types of boats in use, but in the rush of 
war production it was difficult to ascertain exact details of other designers’ boats ; 
at the same time, whenever possible, weights have been obtained and are given 
in the table. 


Estimating Size and Proportions of Hull for a given Maximum Flying Weight (W). 

It is usual for the designer to receive instructions to design a suitable hull 
for a machine of some stated weight, and from this it is a comparatively simple 
matter to ascertain the main proportions of the hull, and from these it should be 
possible to estimate the weight within 5 per cent., at any rate, for the flexible 
construction, provided the form is not altered. All the general dimensions of the 
hull should vary as YW = with the exception of the width of the planing bottom, 
the proportion of which should slightly increase as the boat gets larger. The 
reason of this variation in the beam, is that the area of the planing bottom is only 
increasing as the square of the dimension while the weight is increasing as the 
cube, consequently the lift of the planing bottom does not increase proportionately 
to the weight, unless the speed is increased also. 


Beam. 


The proportion of beam is one of the most important items in the design. 
With small beams, as in the A.D. boats, with nearly 7} beams to length, the 
chines are deeply submerged and the boat is often ‘‘ dirty,’’ but she should alight 
on the water with little disturbance, and the hull is stronger, lighter and more 
compact than such examples as Curtis boat of about four beams to length. 

Too much beam tends to increase the alighting shock very considerably, and 
increases the stresses on the hull, not only by the increase of shock, hut even more 
by the tendency of the wide fins to buckle up, and strain the bottom, and also 
the sides of the hull where the fin-top joins it. In addition the increase of weight 
is considerable, especially if the hull is strengthened to withstand the extra strains. 
For these reasons it is fairly obvious that beam should be kept as small as possible, 
provided there is sufficient for planing efficiency and seaworthiness, and for this 
purpose the writer, with the assistance of his staff, during the latter part of the 
war, has endeavoured to produce, from the large number of examples available, 
an empirical formula which will give a fairly correct proportion of beam for a 
given weight in this formula 8 = k (IV?/P)C, K is a constant which fixes the 
amount of beam for a given weight, while the coefficient C indicates the power 
required to increase the proportion of beam to the other dimensions as the weight 
increases. 

The accompanying table shows how the alteration of the power ( 
varies the proportionate increase of beam for very considerable differences in 
weight. The beam f is the effective beam at the step and represents the extreme 
beam obtained at the step multiplied by a lift coefficient. This is the cosine 
squared of the transverse angle of the bottom to the horizontal; e.g., a flat bottom 
with a transverse angle of 0° would have a lift coefficient of 1.0, while a V bottom, 
with an angle of about 20°, would have say 0.883 lift coefficient. It should, 
however, be understood that in the case of a curved or hollow section the curve 
must be divided into a number of parts to obtain the varving angles, and each of 
these must be treated separately to arrive at the mean lift coefficient of the whole. 
This coefficient of cos? has been arrived at after many vears experiments and 
appears to give much more accurate results than the sine of the vertical angle 
which was formerly supposed to be correct. 
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Although the power C has been treated as a variable coefficient, this has been 
done because there are not sufficient flying boats of large size in existence to 
accurately determine the most suitable variation of the proportion of beam from 
very small to very large vessels, but when we have more experience of large boats 
we should be able to decide on a fixed power C for all sizes. 

Referring to the foregoing table, it will be seen that A, for each variation of 
(, has been arranged to suit the 45 foot example No. 7, as being midway between 
the smallest and largest and having proved highly satisfactory in use. With 
(= .33, the variation of beam for size is practically the same as that of the other 
dimensions, which vary as the WIV, this is too large in the small boats and 
too small in the large ones. If, however, we take ( as the .45 power, we 
get too much beam in the large boats and not nearly enough in the smaller ones. 
From this it is clear that the proper value of C will lie somewhere between .33 
and .45. The. table also shows the variation in KH, which is required by the 
different values of C to give a close approximation to 8 for the standard example 
No. 7, and other medium sized boats. It should be noted that example 17 has 
the same actual proportion of beam as example 7, of which she is an enlargement 
to twice the size, and this beam was found to be insufficient. It should be pointed 
out that, though only six examples are given, the formula has been evolved from 
the data of a very large number of boats and several models, and in all the most 
successful examples the beam obtained from the formula closely approximates 
that of the actual boat. 


The increase of the proportion of beam in the larger boats does not apply to 
the other dimensions, and length over all may be taken as 29/ IV (see A in table), 
for the majority of the examples in the table of data with the exception of Example 
io (CE.1), the hull of this boat terminating in a transom at the rear step, with 
the tail plane extended on booms instead of being fixed to the after end of the 
hull, which in other boats tapers to a vertical stern post aft of the rear step. As 
this portion of the hull is usually well above water it adds considerably to the longi- 
tudinal stability amid waves by providing a useful amount of surplus buoyancy 
aft, as in the case of the overhanging counter of a yacht. If, in the case of CE.1, 
we take 297 IV, we get a length of 33.26 feet, which is very nearly in the same 
relation to the tail plane distance aft of CG, as the after end of other boats with 
overhang. The length of their hull from stern post to the centre of gravity is 
entirely controlled by the aerial structure which fixes the position of the tail plane. 
CE.1, although slow in the air, got off the water very easily on trial. 


A Simple Method of Designing. 


Before commencing a hull design the following data must be obtained :— 
Maximum flying weight which must not be exceeded by overloading. Power, 
getting off speed, the loading of the main planes, and the distance from the C.G. 
to aiter end of the tail plane. Let us assume that the getting off speed is between 
50 and 55 knots, the total weight 11,600lbs., and the power 720 b.h.p. We 


first ascertain the length over all to be 2Y 1) = 45.28 feet, the beam across the 
step will be B k(W?2iP)C (kK £066 and ( .37), lift coefficient .883 = 7.5. 


The breadth of the main hull may be taken as about one-eighth of the length, 
and the depth as eight-sevenths to nine-eighths of the breadth, the main step of 
about 3ins. depth should be placed at or near the C.G., and the angle of the 
planing bottom at the keel, forward of the step, should be 14 degrees to the datum 
line, or top of the hull in this form, which is the flying level. A general profile of 
the hull may be taken from Fig. 3, as this design has proved satisfactory both in 
the model trials and the actual boat. The draft at the step may be taken as 
about one-third of B, while the angle to the datum line of a tangent, drawn from 
step to step at the keel, should be not less than 7} to 8 degrees, while a similar 
tangent from step to step at the chine may be about 5 to 6 degrees. The lift 
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coefficient, as already stated, is .883, which gives rather more hollow to the planing 
bottom than Fig. 3, but a trifle less than Fig. 2. The breadth at the rear step 
would be .25 of the main step, and its depth from chine to keel about .44 of the 
main step. These figures for the rear step, however, may be varied by the 
designer, as they are merely the proportions chosen by the writer as having given 
good results. 


The general form of the inner hull in the writer’s. designs conforms closely 
to that of the body of least resistance derived from the N.P.L. wind tunnel experi- 
ments for airships, except that the tail is drawn out as far as possible to obtain 
the necessary length between the tail plane and C.G. of the aerial structure. When 
speaking of these forms as similar it should be understood that the writer refers 
to the curve of sectional areas (Fig. 15) and not the lines, which vary with different 
forms of section. The greatest transverse section of the inner hull should be 
somewhere about one-third from the stem, and the upper part of the hull is semi- 
circular, which simplifies the designing and the laying off. With flexible con- 
struction the weight may be roughly assumed to be slightly under .1 of the total 
flying weight, but of course a more correct estimate of the weight must be obtained 
when the design is far enough advanced to ascertain the skin area of the main 
hull and planing bottom. These areas are then multiplied by the weights per 
square foot given in the table of data for similar boats of approximately the same 
size. As the weight of the whole structure varies as the cube of the length, 
subject to a small correction for the variation of the proportionate increase of 
beam from small to larger boats, it is a simple matter to find the weight per 
square foot for various sizes. Although 1o per cent. of the total weight is given 
as a fair estimate of the hull, the examples in the table of data, such as No. 14 
and No. 20, have hull weights of 9 per cent. and 9.3 per cent. respectively, but 
the hull of No. 14 was too small for the final weight of 2,359lbs., having been 
designed for a maximum of 2,100lbs._ In the larger sizes it is possible to slightly 
reduce the proportion of weight of structure owing to the saving of weight of 
many details. 


The accompanying estimate of weights of P.5 not only gives all scantlings 
and weights for a boat of this size, but also shows the work in detail. 


P.s WEIGHTS AND C.G. (No. 2). 
Weight 


Inner hull— in Ibs. 
Area of inner skin—cockpits mahog- 564 sq. ft. of 13/64 in. at 316 
any at 36 Ibs. 256 1b. per sq. ft. 
Ordinary timbers, R. elm at 44... 3.735 tt. of } in. x 5/16 sp. 8G 
1.75 
Floors, R. elm at 44 ... X05 tan. x 11/32 30 
Stringers, spruce at 30 1 in. xt in. (26) and 4 big. 131 
Saddles ... 24 
Fabric ... At Fo-sq. tt. to x Ib. 8 
Chocks, coambings, sternposts, etc. 55 
Varnish 18 sq. ft. to Ib. (6 coats) ... 31 
Sundries—paint, glue, etc. 28 


= 4b. per tt. area. 


| | 
O17 
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Fore planing bottom— 


Ares, 147 At 9/32 in. and 38 sq. ft. 128 
; of 6, 32 in. 
100 timbers, elm shes jie sede 860 ft., } in. x §/16 in. ... 21 
11 frames At 1.5 sq. ft., in. 3-ply .52 8 
per tt. 
10 stringers... 16 ft., 14 in. x in. 21 
Fasteningss 24 
| ft. Of Zim. ... wee 15 
253 


== per ft area. 
After step— 


Skin area, 12 sq. ft. ... 12 

26 

Total weight = 


Side port covers, 15 Ibs. 


Actual weight: No. 2 = 1,281 lbs.; No. 1 = 1,393 lbs. (112 Ibs. saved). 
Steel fittings, 25 Ibs. 

Original estimate = 1,248 Ibs. 

Estimate of weight of P.5 wing roots = 176 Ibs. 

Weight of F.3 wing roots = 241 Ibs. 


| FIC.Ib. 


Curve of sectional areas of streamline body, circular sections. 
Block Co. = 0.424. Prism Co. = 0.6109. 


Model Trials. 


It is most advisable when designing a flying boat hull, or, in fact, any form 
of vessel departing from the standard type, that a model should be run in one of 
the experimental tanks; not only to determine the resistance at varying speeds, 
but also to ascertain the performance of the model in the matter of wave making, 
‘“ porpoising ’’ (or longitudinal instability), and whether it will get off at the 


designed speed. Fig. 16 shows a series of model resistance curves got out by 
Major Bumpus, R.A.F., for a number of boats of various sizes, from the 45 foot 
F.3 and P.5 of about 12,000lbs. displacement, up to an 84 foot model designed for 
72,000lbs. flving weight, of which three curves are shown loaded to 60,000, 
80,000 and 100,000lbs. All these curves are reduced to a common’ scale 
of resistance per 1,000lbs. weight with a getting-off speed of 50 knots. Essential 


458 THE AERONAUTICAL JOURNAL [Auguat, 1920 


as they are, it should be borne in mind that tank tests only give results in smooth 
water. Consequently, due allowance must be made for sea eonditions, and actual 
experience is quite as essential to the designer as model tests, which alone are 
insufficient. 


Air Resistance of Hulls. 


The following tables show comparative resistance in the wind tunnel of 
the F.3 and P.5, and one column also shows the latter with the angle 
between the main hull and the fin-top filled in to a fair curve. It will be seen 
that there was a slight advantage in this form at the lower speeds, but, at the 
highest speed, the difference is practically negligible. Various other models were 
tested in the same manner, and the resistance of CE.1 was lowest; but this model 
was the only one of the series in which the cockpits were not cut out. The model 
with the largest cockpits (which were cut well down the sides) had considerably 
greater resistance than any of the others. 


TASLE i. TABLE TABLE 
P.5 (filled-in angles). 
= ~ ~ 
+, 
= 
~ ~ 
25 7.54 .02060 6.73 -0292 7.29 
30 +0313 7-11 -0292 6.601 -O421 7.10 
« 7.03 .0394 6.56 0570. 
45 .0678 6.82 .0640 6.45 -0922 6.96 
0815 6.41 1144 6.94 
.0977 0.59 .0938 1308 6.G2 
60 .1150 6.52 6:32 1922. 
70 1500 6.52 -1529 0.30 2166 0.77 
2016 6.42 .1998 6.36 2800 6.68 
\=0.207 sq.. ft. A=0.207 sq. it. A= 0-290 Sq. it. 


Strength Test of Flexible Construction on A.D. Boat at the R.A.E., Farnborough. 


Fig. 17 shows the hull supported at the ends on chocks, free to move as 
requisite with bending of the hull which was loaded with shot-bags above the 
C.P. up to 2,ooolbs. The greatest deflection was slightly over quarter of an 
inch, and the breadth of the main hull was increased half an inch at the full load. 
A further crushing test was carried out with the boat turned bottom up on a 
sand bed, and a special cradle, made to fit the planing bottom, was loaded with 
shot-bags over the C.G. until the hull showed signs of collapsing. This only 
occurred when the sand bed forced in one side of the cockpit, breaking one of the 
internal hoops and cracking some of the small bent timbers. 


The planing bottom was not apparently distorted in any way, none of the 
seams showing the slightest sign of any movement. The load amounted to 
3,80olbs., which works out at about 8.8lbs. per square inch over the whole 
loaded area, and nearly 17lbs. per square inch on the actual surface of the cradle 
in contact with the load. Fig. 18 shows an elaborate hull which is too costly for 
use, but as the figures on the drawing show, the strength of this form of floor 


a 
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99 


frame was about double that of the ‘‘ Porte Baby ’’ (Fig. 19) of the same size and 
weight. 

In conclusion, the writer would again emphasise the extremely short time 
available for preparing this paper, and asks the indulgence of those present for 
its many shortcomings, both as to the checking of figures and hasty composition, 
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also for dealing chiefly with his own designs, but it was considered that known 
facts and data would probably be of more value than vague figures of other boats, 
which in many cases could not be checked. 


The writer also wishes to express his great indebtedness to Captain E. E. 
Benest and Mr. C. V. Coates (late Technical Department, Stress Section), who 
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_assisted him in the evolution of the beam formula, and to the builders of the boats 
for the extraordinary care and accuracy with which the work was carried out. 
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DISCUSSION. 


Wing Commander E. F. BricGs said the point in the Lecture that struck him 
most was the great accuracy arrived at in the estimation of weights as the 
lecturer had explained. The slight differences that had occurred in the estima- 
tion and the realisation must be a feature which would appeal largely to many 
designers of the aero structure. He feared that in ordinary aeroplanes one had 
a far greater percentage of errors than one had in this type of hull. He would 
like to ask the lecturer’s opinion regarding the placing of bulkheads inside his 
type of construction. It looked as though it would be necessary to have some 
means of preventing this type of flying boat from sinking immediately if any 
portion of the hull were pierced. He noticed in one of the accident: reports the 
other day that rapid sinking had resulted from such an accident. How did the 
lecturer think metal construction would pan out as regards weight, compared with 
wood. We seemed to have got to the time when long distances from England 
were flown, with the consequence that long stretches of water had to be passed 
over in land machines, and he suggested that it might be worth while for 
designers to consider whether this type of construction might not be utilised in 
the fuselages of the land type, in order that in the event of an emergency landing 
in the water the mails would not be lost and the pilot and passengers possibly 
drowned. Major Linton Hope paid a tribute to the work done by the N.P.L. 
in ascertaining the best position of steps on hulls. The calculation of this was 
practically impossible; it was a question of trial and error. He hoped that 
shortly the practical results of the N4’s would be made known, so that the 
designers might see how far their investigations and theory were realised in 
practice. 

Mr. G. S. Baker said when he received the advance copy of the Paper he had 
hoped that it would cover all types of hull. He thought they all lost by not 
having an architect's opinion on some of the existing types other than those for 
which the lecturer was primarily responsible. His short comment on the F boats 
excited one’s curiosity, and then he dropped it for good and all. He endorsed 
what the lecturer said about model experiments. They cost little and sometimes 
saved a great deal of money, and occasionally a life or two. It was mainly on 
the experimental and historical side of the development of hulls that he wished 
to speak. The whole of the experimental work carried out by the various Govern- 
ment departments with model flying boat hulls in water had been done in the 
Froude Tank by Miss Keary and himself. One of the earliest two-step hulls 
tested (early in 1916) was model 135. It was for a machine of 14,ooolbs. dis- 
placement and 50 knots getting-off speed. Unfortunately, it was used by some- 
body whose name he had never heard for the design of a 3,ooolbs. machine, 
also of 50 knots flying speed, which became eventually the A.D. type. But in 
using the Tank data in that way they maintained the speed and reduced the 
length dimensions 60 per cent. and entirely ignored the fact that the behaviour 
of a machine depended upon the relation of its speed to its dimensions. But the 
A.D. machine was a milestone really, in the construction of flying boats, in 
that it was used for Major Linton Hope’s type of construction. He had been 
out on that type of machine a fair number of times, and he was certain the 
design would never have survived if it had not been for the elastic hull con- 
struction used. He considered the lecturer's system of construction far and 
away better than any type that had been used or was still being used in this 
country. The next boat they dealt with was Major Linton Hope’s 4oft. 10,o0olbs. 
hull. Like all the flying boats of that period it porpoised considerably when the 
speed reached about 22 knots. In the official report on it it was stated that 
‘* the fore body threw up a large blister, similar to that raised by the American 
models, sometimes reaching 2}ft. above the top of the hull, and the wash and 
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spray sometimes extended several feet above the top of the float.’’ The 
obvious good qualities of the elastic system of construction which -Major Hope 
was trying to embody in a design led them, at the Tank, to set out to find 
the cause of the defects in such machines. Their experiments enabled them to 
design, eventually, the model called 228R. That had very different bow sections 
from those of the original 223 (Major Hope's model), the after planing surface 
was separate from the forward surface, and leaning in to the hull. That was 
the first flying boat of that type with which it was done. The step was somewhat 
similar to the 223, but the after end of the boat was tilted up much more relative 
to the fore-body, to get the boat back to the necessary angle for getting off. 
The angles of the important contour lines were shown in the following table :— 


TABLE 


showing development of two-step hull characteristics. 


INCLIN a OF TANGENT TO KEEL 
FORE STEP TO — 


Model. Line touch-| Type. Name. Characteristics. 
Line touch- ingchineof| Tangentto Tangent to 
ing stepsat after step chine at chine at 
theirchine. and keelof | forestep. — after step. 
front step. 
135 —2.8 re) —.3 — Straight frame body with 
223 —5.8* +.4 Hope, jott. Hopped sections, pointed 2nd 
step in plan. 
228R —5.8 + 1.5 | Bow sections with consider- 
able tlare under chine, 2nd 
| step further aft, square in 
| } plan, fore endafter planing 
| | surfaces kept separate. 
| 
| | 
| | tk 
272D | —8.5 + 1.0 —5-3 | C.E.1, Hull] Bow not unlike 228 R, deep 
hollow V 2nd _ step, small 
| | after planing surtace. 
345 —5.5 —=f0.6 —.3 er) N/4. 2nd_ step as C.E.1 in shape 
and relative size, but not 
) so deep ; increased dis- 
tance between steps. 
353 —6.6 —I1.4 P/5. Bow sections moderately 
hollow. has deeper 


Vin cross section of 
bottom. 


* Deduct —53 if taken to actual pointed end. 


Those tests were made in the latter half of 1916, when they were studying the 
porpoising of the full-scale machines. The A.D. machine had just then given 
its first performance, and had startled some people as to what it could do. The 
R.A.F. commenced the design of the C.E.1 in April, 1917. The hull was de- 
signed by Capt. Farren and the Tank in collaboration. It was designed at his 
(Mr. Baker’s) suggestion with hooped sections so that the Hope system of 
construction could be used, and when the form had been determined it was sent 
to Major Hope for constructional details to be worked into it. An entirely new 
after-body had to be designed to meet new features introduced by Capt.s Farren, 
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and as the 228R model gave good results the fore-body of it was used in the 
preliminary experiments. The general contour of the later forms was the same 
as that of the C.E.1, as would be seen from the table which showed the steady 
growth in relative attitude of the fore and after parts of the hull. They began 
with the 135. The P/5.2 and N4 were not designed until 1918, when the C.E.1 
machine had been built and tested. He did not wish to detract from what the 
lecturer had done, but his statement that these hulls were developed from the 
1916 hull (the 223) he thought required a littlke amendment. Comparing the 223, 
with its bad seaworthiness and instability, with the good performance of the 
C.E.1 and the other two following it, the lecturer would admit 
that the changes made at the Tank had probably been the cause of the 
difference. Several of the types sent by private builders had been modified 
at the Tank without loss of ethiciency and with a great increase of stability in 
the water, some having straight line sections. With regard to the lecturer’s 
beam formula, he fancied it was not quite right. One side of the equation for 
a beam was of linear dimension, and the other side, he thought, was of two- 
thirds linear dimension. If the scale were enlarged it would not quite fit. 
Lastly, we have just completed one-half of an investigation into the possibility 
of carrying heavy loads per square foot of lifting surface of the planing bottom 
of hulls, which throws considerable light on the desirable beam required for 
any given displacement. The information obtained was in the printers’ hands 
and would be issued shortly. 


Major A. J. Mitry said the Paper should be of the greatest value to de- 
signers of flying boats. He thought it was one of the first Papers that had 
given such practical information on the subject. An important thing that 
affected the performance of a flying boat was the relative position of the airscrew 
to the planing surfaces and the body itself. The airscrew, he thought, was the 
limiting factor in the capabilities of any type of seaplane. If something could 
be done to reduce the diameter of the propeller, or perhaps to produce some 
entirely new method of propulsion, he believed enormous strides would be made 
in the development of useful seacraft. He thought the question of the sub- 
division of the flving boat was a most important thing, and one that, perhaps, 
had been rather neglected during the war. If flying boats were to be used: safely 
by the general public they must be properly, sub-divided, so as to give reasonable 
safety in case of damage. It had been said that the flexible type of boat was 
extremely difficult to sub-divide, on account of the impossibility of putting in 
transverse bulkheads without ‘‘ freezing *’ the hull. To his mind double bottoms 
were more efficient than bulkheads. The accident to the ‘‘ Titanic '’’ showed 
that bulkheads by themselves were not of much value. In seaplanes it was. 
almost impossible to put in transverse bulkheads strong enough to stand the 
rush of water in case of a bad accident. In the first of the P/5 boats there 
was an outer planing bottom extending to the main step, and abaft that there 
was a skirting which ran right out to the rear step. That skirting was after- 
wards omitted, mainly on the score of weight, and also because it had been 
shown in the Tank that it was unnecessary from the dynamic point of view. 
He was present at one of the early trials of that machine, and they had the 
misfortune to run on the Brough Scalp, about the only hard piece of bottom 
in the Humber. They stove in her bottom just behind the main step. If they 
had had that skirting, weighing about 8o0lbs., they would not have flooded 
entirely as they did. It was only on account of the fact that they settled 
on the mud that the machine was saved at all. He noticed that in certain 
types of hulls there were great differences in the value of the resistance up to 
the hump speed. Had it ever been suggested that the application of the ordinary 
curve of areas as applied to displacement boats would help in the reduction of 
this high resistance in some types? In some of the smaller boats or floats the 
resistances were inordinately high, and he did not think that these differences. 
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were fully explained. He thought Major Hope's method of construction was of 
the greatest value. The tendency in the past had been to give more attention 
to the details of the aerial structure and to leave the hull rather to look after 
itself. On account of the system evolved from the early days, when they used 
small boats and float machines which were easily handled in and out, it had 
been the custom for almost any type of seaplane to spend most of its time ashore. 
As the dimensions increased, however, it became increasingly difficult to bring 
boats in and out, and in nine cases out of ten damage to a boat was not done 
on the water, but in getting the boat from the shore to the shed, or vice versa. 
In the future he was convinced that flying boats and seaplanes of even moderate 
dimensions would have to remain afloat, and in that connection he thought Major 
Hope's type of construction would be found very successful. The construction 
was closely knit, a quality which should enable it to be used in all climates and 
under the most severe conditions. 


Capt. Davip Nicotson said Major Linton Hope stated that the P.5 boats 
would not have been designed exactly as they were if he had been allowed a free 
hand. That he could appreciate, knowing the circumstances. After leaving 
France and joining the Ministry he was attached to the inspecting and pro- 
duction staff, and after his first week in touring round several of the shipyards 
inspecting the F.2A, F.3 and N.T.2B boats, he was bewildered at any naval 
architect having designed such constructional details. After he had done a 
few weeks’ inspection, Commander Randall called a meeting of the five officers 
who were then doing inspection and production, to discuss modifications. Think- 
ing these boats had been designed by naval architects, with great reluctance he 
(Capt. Nicolson) only suggested -16 modifications, but found that those officers 
had, at different times, put forward similar suggestions, so with great relief he 
found out that those boats had not been designed by shipbuilders, and he 
thought Major Linton Hope was entitled to his ‘‘ moan.’’ The lecturer pointed 
out that in the first P.5 the step wa: a true V, as in the F. type, without 
any transverse hollow, and it was with great difficulty that he was allowed to 
alter the design. He would give an instance of where that same design was 
appreciated by shipbuilders in 1910. ‘That ‘year he built a 30ft. hydroplane with 
the step of the true V form, and after the second race she was damaged, so he 
had the step re-designed, similar to the latest Linton Hope flying boats, and 
found it kept the spray down better, ~ut the water more easily and was a much 
cleaner boat. That was one of the many dozens of examples where the 
experience of men like Major Hope was not taken, vet they had overcome 
many of those difficulties in boatbuilding many years ago. In the F.3 bottoms 
the timbers ran down to the keel and were rabetted into it, breaking the 
continuity of transverse strength, an? did not allow a proper fastening, with 
the result that all the boats sprung ac the garboard and leaked badly, and later 
intermediate timbers had to be introduced, which ran through the keelson; 
extra knees had to be fitted, special broad false keels to replace the narrow 
ones, and generally the whole of the badly designed bottom had to be 
strengthened; this could have been saved if a practical shipbuilder had been 
allowed a say in the design. He agreed that estimating the weight of one of 
Major Hope’s circular designs was simpler than the calculations involved in, the 
F. type, and likely to be more accurate. Major Hope rightly stated that the 
proportion of beam was one of the most important items in the design, and 
great credit was due to him for investigating that problem to furnish them 
with a formula; but he hardly agreed that the formula gave the best results 
for practical use. In regard to the 3ott. boat his formula was very close to 
the actual beam of the boat, and in the 45ft. boat the formula differed greatly 
from the actual. In his (Capt. Nicolson’s) opinion the beam should not be cut 
to the fine limit shown by the formula. as seaworthiness, reserve of buoyancy 
and position of water-line were of vital importance. When the A.D. boat was 
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fully loaded the water-line came up above the chine, which had proved detri- 
mental to the efficiency of the boat. If she had a little more beam and the fin 
chine run further up the hull, the structural weaknesses could have been easily 
overcome. It had been found that unless these boats were allowed to pant 
their speed was retarded, and often the hull collapsed. The hull of a rigid boat 
built by Messrs. Yarrow collapsed on her first appearance in the Solent B.I.T. 
race in 1904. The boat was rebui't, and competed in the Monte Carlo races 
in the following spring, when the hull again collapsed. Mr. Saunders was 
asked to build one of his resilient hulls to the same lines as the hull which had 
collapsed. Mr. Saunders’ resilient construction proved much lighter, and when 
the boat raced it attained the desired speed, making many knots more than 
the Yarrow boat and winning many races. Major Hope had given an example 
of the strength of the flexible construction of the A.D. boat which was tested 
at Farnborough. He might add a few more practical examples of the rough 
usage and handling those boats had had, that no square rigidly built hull like 
the F. boats could have stood. One of the supermarine boats spent seven 
hours at sea in a 38-mile wind, during which time the boat was taken off and 
landed repeatedly. The planes were damaged, but the hull withstood all the 
shocks, and when brought ashore she had only made 12olbs. of water. Several 
of these boats were stalled from heights varying from 3oft. to about 12oft., 
and only once sustained a little damage, due to a faulty piece of workmanship 
in one of the planks. One stood 36 heavy iandings, stalling and falling from 
1oft., to 12ft. on the water, arrived back at her station with less than 2olbs. of 
water on board, and went on service the same day. There had been much 
controversy of late on rate and cost of production. Most contractors maintained 
that the circular type of hull took much longer to build than the six-sided type, 
and therefore it was a much more expensive job. He hardly agreed. The F.5 
and P.5 were of the same length and designed for the same lift. The F. boats 
in production were built in about ten weeks, but all the metal fittings were 
supplied to the hull builders as a free issue, so if the time of making these 
fittings were added to the time of building the actual hull, he saw no reason 
why the P.5 should not be built in the same time. He suggested one or two 
modifications that if applied to the circular design would tend to make those 
hulls a production job and bring down the cost to equal the F. boats, and, 
without any question, would be a better return for the money spent. The hoops 
and sections might be arranged together to enable the hoops to be bent round 
the sections, scarphed at the ends and set up in the boat together. That also 
applied to the F. boats, as some of the moulds came foul of the floors and 
vertical tubes; which meant taking out or cutting the moulds before the hull was 
sufficiently secure to keep her in shape, with the result that many hours 
were wasted. Also, if the diagonai planking were, say, 45 deg. inside and 
35 deg. outside, it would be a much quicker method of production. As far as he 
‘was aware, Major Hope's was only the third Paper written in this country 
on the subject, and he thought he could claim the honour of having written the 
first. He would like to see some of the builders who were members of that 
Society giving a Paper and pointing out all difficulties they experienced in con- 
struction, as the flying boat was still in its infancy. 

Major M. E. A. Wricur spoke of his experience of piloting the first and 
second P.5 flying boats. The second possessed a greater degree of dynamic 
water stability than any other boat he had flown, it being possible at all times 
to take the machine off under conditions of varying load and varying wind 
velocities without touching any of the air controls. He thought it was im- 
possible to take the P.5 flying boats off the water at speeds below their air- 
stalling speeds. That was not the case with other types of flying boats which | 
kad been largely used in service. A great degree of safety was dependent upon 
a boat seaplane not leaving the water of its own accord before it had adequate 
flying and control speeds 
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Lieut.-Col. J. L. TRAveRS said he flew in 1913 the first Sopwith Bat-boat, 
which had a hull made by Saunders, of Cowes, a flexible hull, though not the 
same sort as Major Hope’s. Capt. Nicolson said Major Hope’s was the first 
application of naval architecture to a flying boat. The Sopwith Bat-boat was 
built by a firm who built motor-boat hulls, and the experience of hydroplane 
boats was used in its design. He wished to add his quota of praise of the 
strength of the Linton Hope hull. He carried out the flying tests of the first 
A.D. boat, and landed it pretty heavily, and it did not show a sign of weakness. 
His practical experience of Major Linton Hope’s type of hull structure was confined 
to certain early experimental work with seapland floats. In certain respects the 
float seaplane presents fewer hull difficulties than does the boat seaplane, but 
experimental work on seaplane floats was never allowed to progress far. The 
powers that were became obsessed by the supposed virtues of the flying boat to 
the exclusion of all other types of marine aircraft, and the slightest difficulty 
encountered in experimental work connected with the float type was an adequate 
excuse for stopping work thereon. 

The difficulty alluded to by Major Hope that seaplanes fitted with floats of his 
type were directionally unstable on the water, accounts for the fact that such float 
seaplanes as now exist are invariably fitted with three-ply coffin-like affairs of 
immense weight and capable of giving continual trouble. This particular trouble 
of directional instability was due to the great *‘ tumble-home *’ on the side of the 
experimental floats: built. This allowed them to skid sideways on the water 
and to attempt to ‘‘ submarine.’ A sharp turn on the water usually put one 
wing tip into the sea, and the machine spun round it. The trouble was practic- 
ally cured by fitting external keels aft the main step, and could have been entirely 
removed by modifying the lines of the tail of the float. <A further difficulty 
was due to the steady refusal of the authorities to instal proper mechanical 
arrangements for launching and bringing ashore marine aircraft, and_ their 
resolute insistence on keeping large numbers of able-bodied men round the 
coast of Britain entirely employed on the work of destroying seaplane floats in 
those processes. Linton Hope floats were even. easier to damage by careless 
handling than are the usual type, and although by the design of a rational 
trolley and by training men to use it the right way this trouble was overcome, 
it was felt—probably quite correctly—that the service personnel generally could 
not be trusted to exercise the necessary elementary precautions. On the subject 
of weight estimating) I recall a case where Major Linton Hope was asked for the 
lines for floats for a small seaplane then under construction. After spending 
some three hours at a drawing board he left behind a pencil drawing giving 
the lines and a note of the scantlings of stringers and timbers and of the skin 
thickness to be used, together with an estimate of the finished weight, which was, 
I believe, 120lbs. per float. 


Shop drawings were made from his sketch and instructions and the floats were. 
built without further reference te him. The two floats were both within 1lb. of the 
original estimate of weight. 


Mr. E. Gipson Knicut: It was with very great pleasure that I listened to 
the above, and it is to be hoped that Major Linton Hope will be able in the near 
future to give us more information on this most important subject. One 
would like to have heard more opinions on other methods of wood construction 
and also some information as to ‘‘ all metal ’’ hulls, although with regard to 
the latter I do not know of anyone who can at present give actual experience. 
Presumably the Air Ministry must have very good reason to believe in this 
type, as the largest flying boat hulls yet to be built are at present under 
construction for them, and I understand are entirely of duralumin, both frame 
and skin; and it is hardly conceivable that this method would be first adopted 
by them on such large and costly machines unless they had very good reason 
for anticipating their success. 


ig - 
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With regard to the comparison of the various types of wood construction, 
and in particular to the comparison of the Linton Hope type and F. type hulls, 
my experience on inspection duties particularly showed up one feature in favour 
of the Linton Hope type, namely, the much better condition of the planking 
after standing in the erection shops for a period. One of the P.5 hulls which 
to my knowledge stood in the shops for twelve months was in a much better 
condition as regards planking at the end of that period than any F. type boat 
after only three months. The latter continually gave trouble owing to the 
opening up of the planking due to shrinkage, and subsequent splits developing 
along the line of rivets. A possible explanation may be found in the fact that 
the P.5 hulls being built entirely of wood the frame shrinks with the planking, 
whereas with the F. type hulls the many steel struts, etc., prevent the frame 
shrinking. If it were possible to make the test, I think it would be found that 
with the circular construction the circumference of the hull at any point would 
be appreciably smaller when thoroughly dry than when wet, as although the end 
grain shrinkage of the frame would not be appreciable the cross sectional shrink- 
age of the hoops and stringers would all tend to reduce the diameter as the 
hull dried out. 

The question of bulkheads is also of greatest importance, and I should very 
much like to know whether there is any objection to leaving a greater space 
between the inner skin and the outer planing surface, which at present are 
practically in contact near the keel. If this could be done it would minimise 
the danger of any floating wreckage penetrating both skins should the boat 
strike it on alighting. Complete transverse bulkheads which are flexible and 
watertight appear to be unobtainable, but it would appear to be advisable to 
fit partial canvas bulkheads to prevent any bilge water from running down into 
the tail of the hull when climbing, and thus making the machine unduly tail heavy. 

The continuation of the double bottom aft of the main step as mentioned 
by Major Miley would undoubtedly be desirable, and it would be very interesting 
to know Major Linton Hope’s opinion as to the form this should take. Should 
it be gradually faired off into the circular section between the main step and the 
rear step, or should it run continuously to the rear step? 

The difficulty raised (by Major Wright, I believe) as to draining the water- 
tight compartments in the P.5 hulls can be easily overcome by fitting a suction 
pipe through the inner skin with a suitable connection to the bilge pump, which 
would enable them to be pumped dry while the boat was afloat. This, suggestion 
was actually put forward by me during the construction of these boats, but for 
some reason or other was not adopted at the time. 


Capt. E. E. Brnest (Chief Assistant to Major Hope): May I preface my 
remarks by saying that my notes are very hurried and scrappy, owing to my 
only receiving the advance copy of the Paper as I was leaving to attend the 
meeting. 


After the excellent and practical Paper by Major Hope that Major Low has just 
read, I feel | cannot add much of any value. But I should wish to point out to this 
meeting, as being an assembly primarily interested in the experiment and research 
work so vital to this new method of transport, how much those interested in 
flying boats owe to Major Hope. As a number of you know he has devoted his 
time and energy, his experience as one of our foremost naval architects, and 
indeed his health, to experiments and practical research in this little understood 
branch of Aeronautics. He has brought to bear upon the extremely complex 
and conflicting problems presented by the flying boat hull the accumulated 
experience of thirty years or so of light boat construction, which had already 
earned him a world-wide reputation as a designe? of light craft. The design 
referred to by Major Hope which he completed in 1916 was then far in advance 
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of any other of that time, in fact nearly two years ahead of the times. Why 
this design was not given a trial is one of those many mysteries for which 
Government departments are notorious. The design in question was made in 
Major Hope's spare time and working under very adverse conditions, the result 
being a serious breakdown in health from which he has not yet recovered, one 
of the most serious effects being a curious case of ophthalmia, whereby one of 
his eyes through fatigue and strain became quite useless. [I hope the meeting 
will forgive my stating this personal side of the matter, but as I have had the 
honour to work with Major Hope as his assistant for two vears I feel I am in a 
position ta speak of the difficulties he had to face. 


There are one or two notes I would like to make on the Paper. The 
formula that Major Hope has given you for the proportion of beam I have 
arranged rather differently. Might I suggest that in place of the two coefficients 
B and C the use of one consonant in the form (K HW?/P) 10/27 will give very 
similar results and may possibly be a trifle more handy. 

A point of some importance upon which Major Hope has not touched is the 
question of pressure or load upon the planing surface when the machine is making 
a landing. In conjunction with Mr. C. V. Coates, I designed an instrument for 
measuring this impact, and after a good deal of trouble this was tried at Grain 
Air Station. Unfortunately, we were only allowed to make one of the instruments 
as an experiment, whereas we should have had a number placed in various posi- 
tions on the forward surface. However, we located our single instrument as near 
the step as possible, where the maximum load probably occurs. I was _ not 
present at the test, but Mr. Coates was, and perhaps he will give you more details. 
The results seem to indicate that with an average landing the pressures did not 
exceed 3lbs. per square inch, and probably never above 6lbs. or 7lbs. per 
square inch. 

As regards the stressing of the hull, I made one or two calculations on this 
subject, in which I assumed the hull to be a beam supported near the main step 
and loaded continuously with varying loads made up of engines, tanks, etc. 
The P.5 was the hull I chose for this purpose, and I assumed the structure to 
be a uniform thin shell in a transverse direction. I have, however, not been able 
to check the figures, but judging from the crushing test on the A.D. hull at the 
R.A.E. the results tally fairly well. I hope, if I can find the stress diagram, 
that Major Hope will permit it to be included in the Paper. 


There is one more point upon which I should like to make some remarks, 
and that is the question of trolleys. This system is wholly unsuitable and un- 
satisfactory for the larger types of flying boats. Evolved as a temporary war 
measure with the smaller type of float machines at a time when the seaplane was 
in its infancy, the trolley served its purpose. But as soon as the larger boats of 
the F.3, F.5 and P.s5 types made their appearance, the trolley at once showed 
its limitations. I am persuaded that a large part of the trouble that was (and is): 
experienced with the F. type, and the complaints received from all quarters of 
the leaky condition of these hulls, was due to this most pernicious method of 
handling. I am aware that destructive criticism is not of much value, but at the 
same time so obvious a fault cannot escape remark. The problem is not insoluble, 
and several schemes could be devised which would enable the smaller machines 
to be landed and launched without subjecting the huJls or floats to the very severe 
and destructive racking strains caused by the usual type of trolley. It is up to the 
Air Ministry and manufacturers to work together in this matter. When the 
same question arises on larger hulls my firm opinion is that they should not be 
landed at all on any kind of trolley, but should have some form of floating dock, 
or on suitable sites proper locks and basins, where the local conditions permit 
of these arrangements. The machines should be allowed to remain afloat at 
adequate moorings in as well sheltered a position as possible. 


‘4 
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In conclusion, I must apologise for having taken up so much valuable space, - 
and trust that these remarks may be of some value in a practical way. 

The Lecturer, replying briefly to the discussion, said he fully agreed that,. 
if it were possible to get a bulkhead that would stand the rush of water, bulkheads 
should, be used. He had been trying to get one that was watertight for the last 
thirty years, but had not seen one sufficiently watertight for that kind of 
construction. He had been informed by a lifeboat inspector that some of the rigid: 
transverse bulkheads had been modified or abandoned because the boats broke’ 
asunder at the bulkheads when they went ashore in a bad surf. It was pretty 
certain that with a rigid bulkhead in a light, flexible float the boat would break. 
at the bulkhead. If they could get a canvas bulkhead that would stand, it 
might be made more watertight than a wooden one, but he did not know whether 
it would stand the rush of water. He had no experience of building flying boats 
in steel, but he had experience of 4goft. steel racing motor-boats. In 1903 they 
built the first Napier boat of 24 gauge cold rolled annealed steel with 18 gauge 
keel strake. She weighed about 12 cwt. She made a noise like a tin can, and 
leaked like a basket, and was practically disabled nearly every time she went out. 
The ** Hutton,’’ a boat of the same length, was built by Harden on practically the 
forerunner of the present flexible construction. It was half the weight of the Napier 
and she was in existence now on Southampton Water. The hull never gave 
any trouble while she was in use. She came out at 12lbs. over her designed 
weight. He agreed that the back step in his first 4o-footer flying boat was: 
absolutely wrong in being pointed. He was told to make it pointed, as they wanted 
a water rudder. It was cut square in the design immediately after it went through 
the Tank trials. He admitted it was too far forward, but this was derived from the 
soft. N.P.L. design, adapted from No. 135, as used in the A.D. boat. It must not 
be supposed that he wished to detract in any way from the most valuable experience 
derived from Tank trials, but when statements were made that his later designs, 
P.5, N.4 and N.5, were all derived from C.E.1 (or words to that effect) he wished 
to point out that the trials of his 41ft. design, No. 223, were the probable basis 
of the C.E.1, in general form of the hull (at any rate the forward part), more 
than the N.P.L. Nos. 135/148, which were the only N.P.L. designs available’ 
when the 41ft. boat was designed. A modification of the latter, dated 1916, shows: 
the back step detached from the front step (which was not a feature of the N.P.L. 
designs before the 41ft. trials) and placed further aft, as suggested by the result 
of the trials. This was drawn by the writer and shown to Mr. Baker. As a 
matter of fact, all the writer’s later designs are based on this series of trials and not 
on C.E.1. Mr. Baker is in error in stating that P.5 was designed in 1918, as the 
official reports show that the builders received the first drawings in 1917, and 
they are in no way like C.E.1. Mr. Baker regrets that no further reference 
was made to the F. type and others. To this the writer replies that he has 
already shown the weakness of one of the Felixstowe boats in the sections tested 
at the N.P.L. He has also tried to pay some slight tribute to the work of the 
late Wing Commander Porte, who designed all the Felixstowe boats, and it 
does not appear to him suitable to criticise the designs of one who cannot reply 
and who did so much for his country. In any case, criticism by a professional 
of an amateur designer's work is not perhaps in the best taste. Major Wright 
has pointed out the principal object of the beam formula and general design 
of the writer’s boats, which is to prevent getting off too soon (as so many have 
done, with fatal results), but at the same time to produce a seaworthy hull which 
will get off at the correct speed. He agreed that a double bottom was more 
likely to stand than a bulkhead. It was nice to know one had another boat 
inside in case of getting stove in. He understood Major Miley had been getting 
out a series of curves showing resistances at hump speed, and he hoped these 
would be published. They must remember that even at the hump speed there was: 
a certain amount of dynamic lift of the whole machine. It was not a pure question 
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of displacement like a displacement boat, and owing to the aerial lift of the 
planes it also differed from the case of a hydroplane, which changed from the 
displacement boat to a purely dynamic question of lift, or nearly so, owing to 
the lift of the planing bottom only. The Curtis ‘‘ America *’ design, on which 
he put the longer bow, was the first boat constructed with bent timbers 
practically right round and a deep keelson and to some extent longitudinal 
continuity of strength. One of those boats went off from Middleton and could 
not get on the slip because of a south-westerly gale having blown up. She laid 
there to a mooring in the open sea for nine days, and it blew hard enough to 
cause a 100-ton coasting barge to sink near her. When the flying boat was 
got ashore she had lost both wing tip floats but was only slightly scraped on 
the bottom when beached. With regard to his formula, referred to by Capt. 
Nicolson, probably 8 had been mistaken for beam. To obtain the latter, 8 must 
be divided by the lift coefficient .883, which gives the actual beam of the 45ft. 
example. If one took the 0.33 it would give the A.D. more beam in proportion, 
and the bigger boats less, and if 0.45 were taken it would reduce the A.D. boat 
still more. He merely put that forward as a general framework on which to 
build up some idea of what the beam should be. He had taken a number of 
examples of other boats besides his own—both successful and unsuccessful— 
and sorted them out into known good and bad performers. — Possibly Mr. 
Baker is correct with regard to the dimensional inaccuracy, but it appears to 
work well over a range of 2,ooolbs. to 100,ooolbs., and dimensional inaccuracies 
are not unknown in many useful formulas. 

Captain Benest is quite correct in his remarks on the disadvantages of 
slipway trollevs, also emphasised by Major Miley, and there is no doubt 
but that large boats must be provided with docks, while small ones should 
be lifted out of the water if they are unable to land on their own wheels, 
which it is hoped may be possible in the near future. Capt. Benest and 
Mr. Coates have done most valuable work in devising a machine for testing the 
force of the impact when the boat alights on water. This machine is the 
result of two years’ work from the time the writer was instructed to go into the 
matter in 1917 and handed the work over to Capt. Benest. The first trial result 
gave a pressure of 3lbs. per square inch for a normal landing, while the calculated 
pressure was 3.1lbs. ! 

Capt. Nicolson suggests placing the hoops on the moulds before the 
stringers are fitted, but if this be done it is very difficult to fasten the hoops, 
especially at the spar positions, where they are reinforced by saddle straps out- 
side the stringers, and many solid wood blocks between saddle and hoop. Also, 
it would take much longer to pair up, as the hoops cannot be finally fastened 
until the stringers are on. The question was carefully considered in conference 
with the builders. As to all-diagonal planking, this is not so strong longitudinally, 
as diagonal and fore and aft, as the tests in breaking up samples proved 
conclusively. In all other respects he cordially agreed with Capt. Nicolson’s re- 
marks, and thanked him for his appreciation of his work. 


He wished particularly to thank the meeting for its kind reception, especially 
in regard to the unnumbered slides, but he had had no opportunity to see these 
until a few minutes before the meeting opened. He also wished to thank Major 
Low for reading the Paper under very difficult conditions. 


A vote of thanks was accorded the lecturer on the motion of the CHAIRMAN, 
and a vote of thanks was also passed to the Chairman, on the motion of Wing 
Commander Cave-BRowneE-Cave, who congratulated him upon his appointment 
at the Imperial College 


| 
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CORRESPONDENCE. 
To the Editor of Tre AéRronavcticaL JOURNAL. 


Dear Sir,—In response to the general invitation to discuss Mr. Watts’ note 
on ‘* The Theories of Screw Propulsion,’’ published in the July number of the 
AERONAUTICAL JOURNAL, I propose to make a few remarks on the subject of inflow 
velocity, and to indicate briefly the general trend of airscrew researches at the 


National Physical Laboratory. 


The subject matter of Mr. Watts’ note is not new and raises no contentious. 
issue. The general nature of the air flow at the front of an airscrew, in so far as 
the aerofoil theory of an airscrew is concerned, is now fairly well understood. 
The case has been very clearly stated by Wood and Glauert, who point out that 
since an aerofoil disturbs the flow of air for some distance in front of its leading 
edge, the inflow velocity consists of two parts—(a) the disturbance of the air in 
front of the blade element under consideration, which is due to the blade element 
itself and corresponds to the disturbance around an ordinary aerofoil, and (b) the 
interference effects of the other blades and of the blade itself at angular distance 
of + 2x. Obviously it is the latter part of the inflow velocity which should 
be used when calculating from aerofoil data the performance of an airscrew, since 
the former is automatically taken into account when measuring the forces on an 
aerofoil in a wind channel. The difficulty arises, however, when an endeavour 
is made to estimate the magnitude of the inflow velocity, which when used in 
conjunction with the aerodynamic data of aerofoils of sections similar to those 
of the blade, would enable the performance of an airscrew to be calculated with 
good accuracy. 


An investigation at the National Physical Laboratory on the distribution of 
pressure over the entire surface of an airscrew blade has supplied experimental 
data which will greatly advance the theory of airscrew design. It is proposed to 
publish shortly the first three parts of this investigation, which are— 

(i) An investigation of the distribution of pressure over the entire surface 
of an airscrew blade. 

(2) Measurement of the aerodynamic data of aerofoils of sections similar 
to those of the airscrew blade. 

(3) An analysis of the preceding experimental data with a view to an 
advancement of airscrew theory. 

In part 3 an endeavcur has been made to evolve a theory of general applica- 
bility, which will take into consideration the interference on a blade element of the 
neighbouring parts of a blade and also calculate the inflow velocity at each blade 
element. 


It is suggested that pending further investigation, which is now in hand, the 
analysis and conclusions of Part 3 should not be taken as final. 


At present the general conclusions of the investigation are: 
(a) The magnitude of the inflow velocity to be used with the aerodynamic 
data of aerofoils is less than that calculated from the Momentum 

Theory of Froude. 


Incidentally it should be mentioned that an experimental investigation by the 
writer and his colleague, Mr. Howard, has established the soundness of the under- 
lying conception of the Froude Momentum Theory. 


(b) The inflow velocity varies along the blade and is probably negative 
at the tip. 
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(c) At any blade element, the magnitude of the inflow velocity to be 
used with the aerodynamic data of aerofoils is a function of the 
number of blades and the thrust, forward speed and diameter of the 
airscrew. 


It is perhaps of special interest to mention that with a blade element at a 
radial distance 0.7 .R and the airscrew working at an average value of the thrust 
coefficient, the values of the ratio of the inflow velocity needed with aerofoil data— 
as calculated from the data of Part 3—to the Froude inflow velocity are 0.45 with 
a two-bladed airscrew and 0.70 with a four-bladed airscrew. These values are 
in close agreement with those measured by Drzewiecki, namely, 0.40 and 0.65 
respectively—see Fig. 6 of Mr. Watts’ note. 


In conclusion, with reference to Mr. Watts’ opening remarks, I and my 
colleague Mr. Collins plead guilty to having presented to the A.C.A., in September, 
1916, an empirical airscrew theory which was an endeavour to combine a 
momentum theory with an aerofoil theory. I venture to suggest that at that time, 
when the importance of inflow velocity was just being fully realised, this theory 
in spite of its shortcomings was a decided advance from the ordinary aerofoil 
theory which did not take into account inflow velocity. Since that time our 
knowledge of airscrew theory has increased and will undoubtedly continue to 
increase, so that the ‘‘ combined *’ theory may now be regarded as a stepping 
stone, which has been useful, in the climb of progress. 

Yours, etc., 


A. FAGE. 


July, 1920. 
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REVIEWS. 


Air Navigation. By H. E. Wimperis. Constable. 8s. nett. 


This is a welcome addition to the scanty literature available dealing with 
a very important branch of aerial navigation, The Author, in his Preface, 
remarks that prior to 1919 there was little occasion for long distance navigation, 
but all will not agree with this dictum. Had more attention been paid during the 
war, even to elementary ‘* dead-reckoning *’ navigation, we should not have 
heard of regrettable incidents such as valuable machines being flown into the 
enemy's country by mistake. Again, if the successful bombing of Berlin from 
an East coast aerodrome had been carried out, as was intended, in the autumn 
of 1918, a much higher standard of air navigation would have been essential 
for pilots and navigators than was generally forthcoming. 

The Author shows that since the advent of peace, and trans-Atlantic as well 
as trans-Continental aerial voyages, the science of air navigation demands more 
serious attention. In his introductory chapter he gives a brief resumé of the 
long distance flights recently accomplished, with capital maps to illustrate them, 
and then by stages leads up from the simplest methods of position-finding to the 
more complicated and scientific developments of to-day. Commencing with a 
chapter on general principles, he deals separately and at some length with the 
several methods of determining an aircraft's position by dead-reckoning, direct 
wireless, and astronomical observations. 

The book, as a whole, is written simply and clearly without dipping too 
deeply into scientific explanations or formule, and thus should fulfil its purpose 
as a primer. That is to say, should be useful in giving the air navigator an 
outline of the various instruments he will have to use, their methods of application, 
and the various navigational problems he will have to master. Armed with this 
superficial knowledge he should be able to attack in detail more advanced text 
books. 

The chapter on astronomical observations is interesting since it shows the 
attention which is being paid by various experts to the production of instruments, 
diagrams, or calculators which will enable the airman to take his observations 
and work out his position in the quickest time and with the smallest mental 
effort. It must be borne in mind that at high altitudes the airman is quite unable 
to make abstruse mental calculations, and even such a simple correction table 
as given on page 39 presents its difficulties. To ask the airman flying at 
117 m.p.h. at 15,000ft. to obtain the quotient of 117 and 1.259 is asking a gaod 
deal. The A\pplegard dial referred to solves the problem mechanically in an 
instant, and if not now universally fitted in all long-distance machines, it certainly 
should be. Similarly for the determination of position by astronomical observa- 
tions logarithmic computation, such as that given on page 109, is out of the 
question except in the case of a large airship. It must not be forgotten that 
accuracy of position such as is demanded at sea is quite unnecessary in the air, 
and if diagrams and instruments are designed which will give the position for 
trans-oceanic work within 1o or 20 sea miles they will suffice. Such an instrument 
as the Baker navigation machine or slide rules such as those described are the 
most suitable for rapid mechanical solution of aerial problems and require little 
mental effort. 


The weak point of the book is certainly the chapter on general principles. 
This is the one which should be of most use to a novice, and it is suggested that 
it should be very carefully re-edited by someone possessing a practical knowledge 
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of the compass and of sea navigation. With a severe revision of the matter {in 
this chapter and an extra diagram to explain some of the definitions which are 
not quite clear to a beginner without it, this little book should go far to assist 
the embryo air navigator to conduct his craft with precision across continents 
or oceans. 


Théorie Générale de I'Hélice by S. Drzewiecki. Gauthier.—Villars et Cie., 
Paris. 

M. Drzewiecki’s name is so familiar in aeronautical circles that any work by 
him cannot fail to attract strong interest, for the author was largely responsible 
for giving publicity as far back as 1892 to the ideas embodied under the name 
of the blade element theory of propeller design. 

With the exception of a few chapters the present work deals with the practical 
design of a propeller to fulfil a definite specification rather than with research on 
the behaviour of a propeller. The author commences by examining the behaviour 
of an element of the blade and deducing the usual expressions for power, thrust 
and efficiency ; the conditions governing the efficiency are examined and the already 
well-known conclusion reached. 

After a second chapter dealing in, what appears to us, somewhat unnecessary 
detail with the variation of angle of incidence along the blade under different 
conditions of working, the author proceeds to integrate mathematically his expres-- 
sion for power and thrust. To ease what would otherwise be laborious calculation 
he adopts the assumption of a blade width constant with radius and, which is a 
still more radical departure from the usual practice, a constant value of the lift 
coefficient and the lift drag ratio. His results are expressed in the form of easily 
readable charts from which may be made with ease the selection of a propeller 
for any given specification. 

M. Drzewiecki departs from usual practice in that he does not make use of 
the lift and drag coefficient determined on aerofoils in the wind channel. The 
constant values which he uses are deduced from the trials of a series of model 
propellers of varying pitch diameter ratio, the blades of which could be set at 
different angles of incidence. From these trials he deduces an equation for the 
value of ky, and k,/k, in terms of the angle of incidence. To some extent he thus 
avoids corrections for the blade interference or inflow. 

He tacitly admits that he does not obtain the same values of lift and lift drag 
for a given angle of incidence with all pitch-diameter ratios. This one would 
have expected. But he claims that ‘ces essais nous ont fourni des moyvennes 
assez homogénes pour nous permettre d’en deduire les courbes de fy and de 
hy 

He attributes the difference between values obtained by this method and 
those obtained by aerofoil tests to the fact that the propeller blade varies in camber 
from end to end. We are inclined to think that some of this difference is due to 
the interference flow and that his values of fy, etc., would vary with the number 
and width of the blades. Provided, however, one does not depart far from the 
particular type of two-bladed propeller used in these trials the author’s method 
should give good results. 

The shape of the plan form is dealt with and the conclusion reached that 
whilst theoretically this has no influence on the efficiency ‘il y a cependant 
certaines considerations pratiques que pourraient militer en faveur de Ihelice a 
largeur variable.’”’ With these practical considerations he proceeds to deal. 

The flow of air round a propeller is dealt with in a purely qualitative manner 
and in view of the information available on this point the chapter might have: 
been made more valuable. His main conclusion is that the flow of air results in a 
blade interference which affects the efficiency and which diminishes as the value 
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of V/ND increases, but we can hardly agree with his statement that ‘‘ c’est pour 
.cela que le rendement des helices diminue a mesure qu’augmente le nombre Z de 
modules ’’ (i.e., as one decreases the value of V/ND). 

The chapter on strength appears incomplete. The stress due to centrifugal 
action is considered, but no method is given for determining the stress due to 
bending or twisting moments. The chapter deals in great detail with determining 
the equation of the line of the centres of area of the sections when the thrust 
mement and torque are balanced by a centrifugal force moment. The equation 
given can, however, be considered as no more than an approximation. 

Chapter IX. together with the preface reveals the motive of the book. Here 
M. Drzewiecki pleads the theoretical and practical correctness of the simple blade 
element theory. He attempts to demolish by argument and a very neat experi- 
ment the heretical idea of inflow. The matter and experiment has been already 
dealt with in an article in the July issue of this journal. We may, however, here 
congratulate the author on having proved his point as regards the basic conception 
of the theory, but we cannot go so far as to say with him that by these experiments, 
du flux cvlindrique était reduite a néant.’” He claims that the 
flow caused by a blade exists ‘‘ seulement au voisinage de cette aile.’’ Thus he 
contradicts other portions of his book and ignores the results of his own experi- 
ments which show that even in a two-bladed screw the flow from a blade is felt by 
the following blade. 

M. Drzewiecki’s own experiments justify, rather than otherwise, the use of 
an ‘inflow ’’ factor, but it shows that this factor is indicative of a blade inter- 
ference effect and not of the Froude inflow effect. Further, from these experi- 
ments it may be inferred that the ‘‘ inflow ’’ factor is a variable coefficient and 
not a constant as sometimes assumed. 


There are a few regrettable omissions in the book. The important question 
of gearing is dismissed in eight lines and no reference is made to variable pitch 
or tandem propellers, limits of tip speed or the behaviour of the propeller under 
secondary conditions of flight. 

The work finishes with two interesting and useful chapters on windmills and 
their automatic regulation. M. M. Pillard adds an important appendix dealing 
with the analysis of full-scale tests. 


H. C. W. 


Sey 


